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TECHNICAL MEMORANDUM  
 

Date: 7 April 2017 
 

To: Jennifer Blevins – Pixley PUD  Randy Masters – Pixley PUD 
 pixleyppud@gmail.com   mastersppud@abcglobal.net 
 

From: Sierra Layous, PE – ITRC   Dr. Stuart Styles, PE – ITRC 
 slayous@calpoly.edu    sstyles@calpoly.edu 
 

Subject: Summary of Walk-through Audit of Pixley PUD’s Water System 
 
 

The Cal Poly Irrigation Training and Research Center (ITRC) audited the following 
sectors within Pixley Public Utility District’s (“Pixley PUD”) water system on March 21, 
2017: 

• Water Supply  (WS) 
• Potable Water Treatment (PWT) 
• Water Distribution (WD) 
• End Use (EU) 

• Wastewater Collection (WWC) 
• Wastewater Treatment (WWT) 
• Recycling (RD)

 

Background – Distribution of Energy Use 
District energy use data from 2016 was analyzed and compared between sectors (Figure 
1). The sectors were then ranked based on energy use and cost (Figure 2). The water 
supply sector uses the most energy, followed by the wastewater treatment sector. These 
two sectors have the most potential for energy/cost savings. The wastewater collection 
system (lift pumps) also contributes a portion of the energy use/cost. Slight differences 
between energy use and cost are due primarily to different rate structures for different 
types of accounts. 
 

       
Figure 1. Energy (electricity) use (left) and energy cost (right) by sector in 2016 
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Figure 2. Ranking of sectors based on energy use and cost 

 
Water Supply 
The water supply system is composed of three wells (referred to as “Well 2a”, “Well 3a” 
and “Well 4”). The following graph shows the approximate monthly water supply and 
energy use from those three wells in 2016. Well 2a supplies the most water, followed by 
Well 3a, then Well 4. This sequencing correlates with the energy intensity (kWh/gallon) 
of the wells; Well 2a requires the least energy to extract water and Well 4 requires the 
most energy to extract water. 

 

 
Figure 3. Monthly supply from wells, 2016 

 
The following conclusions were generated from the background analysis and walk-
through audit of the water supply system: 
• Pump curves were not available and the district did not know if the well pumps were 

operating at maximum efficiency on the pump curves. The operating point on the 
pump curve should be confirmed, and adjustments/modifications (such as trimming 
or replacing impellers) should be made if the pumps are not operating at maximum 
efficiency. Estimates of energy savings related to adjustments/ modifications can be 
calculated and compared to the cost associated with the modification(s). Pumps may 
have been designed to operate at the maximum efficiency of the pump initially, but 
wear on the system and changes in groundwater levels will cause the system to 
operate at a different point along the pump curve. 
 

Score* Abbrev. Sector
10 WS Water Supply
0 PWT Potable (Drinking) Water Treatment
0 WD Water Distribution
1 WWC Wastewater Collection
7 WWT Wastewater Treatment
0 RD Recycled Water Distribution

*Highest value denotes highest energy use (greatest energy savings potential)
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• Analysis of energy and flow records indicate the supply well pumps should be 
sequenced as follows to minimize energy use and cost: 

1. Pump 2a (should turn on first and turn off last) 
2. Pump 3a 
3. Pump 4 (should turn on last and turn off first) 

Energy and flow records should be reanalyzed periodically with changing 
groundwater levels, demand, and energy costs to re-evaluate the sequencing of the 
pumps. Sequencing is not simply based on the pressure directly downstream of each 
pump. Consideration should be given to the infrastructure between the pumps and 
storage (distances, pipe sizes, and flow rates) when determining pressure set-points at 
each site. 

 
• Well 2a’s motor appears to be slightly undersized given the current load (flow rate 

and total head) from the pump. This may be due to changes in the groundwater level. 
Southern California Edison’s (SCE) pump tests from 2014 show all three well pump 
motors operating above their rating. If a motor is constantly operating above its rated 
load, replacement of the motor should be considered. 
 

• The district currently sets the drip rate for oil lubrication of the bearings and lineshaft 
at one drop per 6 seconds (10 drops per minute) at all three of the well sites. Turbine 
well pump manufacturers generally recommend1 using the following equation for 
wells with a 1-11/16” shaft diameter (district wells have 1-11/16” diameter): 

Drops per minute = 7 + [3 × Setting Depth (ft)/100] 
For wells with bowls set at 500 ft (such as Wells 2a and 3a), this results in a drip rate 
of 22 drops per minute. The district should consider adjusting the drip rate.  Also, this 
is the initial drip rate, when a tank is full. As the tank empties, the drip rate will 
decrease. There are two recommendations to minimize this: 

(1) Install a large oil tank (> 4 gallons) (the district has done this already), and  
(2) Install the large tank at least 3 tank diameters above the adjusting valve. The 

tanks at all of the wells appear to currently be about 2 diameters above the 
connection to the lineshaft, with the adjusting valve near the oil tank; 
relocating the adjusting valve to near the connection to the lineshaft and 
raising the tank further would both reduce fluctuation in drip rate as the tank 
empties. 

See the Deep Well Oil Lubrication Fact Sheet for more information. 
 
• The district currently operates the water supply during peak hours; the district does 

not have the capacity to store water to minimize on-peak pumping. Future upgrades 
should consider options to reduce on-peak energy use (the district indicated that plans 
for a future well include storage to reduce on-peak pumping). 
 

• The motor on Well 3a is not premium efficiency (it is standard efficiency). The 
estimated savings per year associated with replacing the motor with a premium 

                                                 
1 Christensen Pumps O&M Manual Deep Well Turbine Pumps, Goulds (Xylem) IOM Instructions for Deep 
Well Turbine Pumps, American-Marsh Pumps IOM for Lineshaft Turbine Pumps 
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efficiency motor are estimated at about $630/year. If the motor needs to be rewound 
or replaced, the cost should be compared to the cost of a premium efficiency motor. 
 

• The motor on Well 4 is not premium efficiency (it is standard efficiency). The 
estimated savings per year associated with replacing the motor with a premium 
efficiency motor are estimated at about $430/year. If the motor needs to be rewound 
or replaced, the cost should be compared to the cost of a premium efficiency motor. 
 

• Arsenic levels from Well 2a and Well 3a routinely exceed water quality limits. 
Arsenic readings from all three wells, as well as the maximum contaminant level 
(MCL) for arsenic, are shown in Figure 4 below. 
 

 
Figure 4. Arsenic levels from district wells, 2011 to present 

 
The district indicated that treatment and non-treatment options had been analyzed. 
The plans for compliance include blending the existing water with a new well with 
low arsenic levels and modifying (partially abandoning) the existing, non-compliant 
wells. 
 

• Well 3a has recently tested positive for Total Coliform. The source of the 
contamination is unknown. The district is limiting the use of this well pending further 
information. 

 
Potable Water Treatment 
The water treatment consists solely of chlorine injection at each of the wells. The 
chlorine pumps are very small (~0.04 kW/ 0.05 HP each. There were no significant 
conclusions generated for the water treatment system. 
 
Water Distribution 
Pixley PUD’s water system is supplied by a 50,000 gallon water tower near the now-
abandoned Well 1 and a 15,000 gallon water tank adjacent to Well 3a. As such, there are 
no energy-consuming devices associated with the water distribution system. The 
following was the only significant conclusion generated for the water distribution system: 
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• Pixley PUD does not study and/or estimate delivery losses, or have an active leak 
program. All or any of these actions could help identify and reduce losses in the 
system. 

 
End Use 
The following conclusions were generated from the background and walk-through audit 
of the PUD’s end use: 
• Pixley PUD has a relatively low per capita water use rate when compared to the 

region. The chart below shows Pixley PUD’s estimated per capita water use rate 
compared to the regional and state baselines and targets outlined in California’s 
20x2020 mandate. The per capita water use rate is based on the 2000 and 2010 census 
estimates of the population in Pixley. 
 

 
Figure 5. Annual average per capita water use, 2008-2016 (GPCD = average gallons per capita 

per day) 
 

• The distribution of water use by customer type is estimated in Figure 6. A majority 
(nearly 75%) of the water is used by residential customers, about 25% by commerical 
customers, and 1% by recreational users (a small park in the community).  
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Figure 6. Distribution of water use by end use category (customer type), 2013 and 2014 

 
• The installation of water meters on all customer’s lines in 2012 and the use of tiered 

billing likely contributed to the recent decrease in per capita water use. 
 

• There are a variety of low to moderate cost incentives/devices that can be 
implemented by the PUD to encourage active leak detection and water conservation 
by end users. 
 

• Meeting with the top water users and providing education on water use and 
conservation methods can provide significant water savings with minimal effort. 

 
Wastewater Collection 
The only pumps in Pixley PUD’s wastewater collection system are at the inlet of the 
wastewater treatment plant. These pumps are included in the analysis of the wastewater 
treatment plant (see conclusions in that section, below). 
 
Wastewater Treatment 
Pixley PUD’s wastewater treatment plant consists of lift pumps at the inlet, a spiral 
screen, two aeration basins that have fixed film and activated sludge (nitrification and 
denitrification), two clarifiers, an aerobic digester, sludge drying beds, and effluent 
ponds. Figure 7 shows the general layout of Pixley PUD’s Wastewater Treatment Plant. 
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Figure 7. Conceptual layout of Pixley PUD wastewater treatment plant 

 
 
The following conclusions were generated from the background analysis and walk-
through audit of the PUD’s wastewater treatment: 
• The Pixley PUD wastewater treatment plant energy intensity (kWh/MG) falls 

between the values from the two sources (see footnote). The energy and flow records 
from the wastewater treatment plant in 2016 were used to calculate the energy 
intensity of the plant. Figure 8 compares the energy intensity to the average energy 
intensity of wastewater treatment plants of similar size (< 1 MGD) and treatment type 
(advanced treatment with nitrification) according to the two sources. 
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Figure 8. Energy and cost intensity of the Pixley PUD wastewater treatment plant compared to 
NYSERDA2 and EPRI3 studies 

 
• Figure 9, below, shows an estimate of the breakdown of the energy use/cost at the 

wastewater treatment plant. A majority (>75%) of the energy used in the treatment 
plant is used by the STM-Aerotors in the aeration tanks and the blowers in the aerobic 
digester. Therefore, optimizing these devices/processes will provide the largest 
reduction in energy use and cost. 

•  

 
 

Figure 9. Estimate of breakdown of energy use/cost at the wastewater treatment plant 
 

                                                 
2 "NY AVG" is an estimate of the average energy intensity for a wastewater treatment plant of similar size 
estimated by NYSERDA (NYSERDA. 2008. Statewide Assessment of Energy Use by the Municipal Water and 
Wastewater Sector.) 
3 "EPRI AVG" is an estimate of the average energy intensity for a wastewater treatment plant of similar 
size and type estimated by EPRI (EPRI. 2002. Water and Sustainability (Volume 4): U.S. Electricity 
Consumption for Water Supply & Treatment - The Next Half Century.) 

Average Volume at WWTP (MG): 0.22 (This is the average of all entered data)
Type of Treatment: Advanced Wastewater Treatment with Nitrification
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• It is estimated that the cost to operate the STM-Aerotors is approximately $15,000 per 
year. The treatment plant was originally designed to adjust the speed of the STM-
Aerotors based on the DO levels in the tank, but issues with the DO sensors caused 
the district to abandon the automatic control. The district currently manually adjusts 
the speed of the STM-Aerotors seasonally. While the treatment plant currently meets 
water quality regulations, automatically adjusting the speed of the STM-Aerotors 
based on the dissolved oxygen (DO) levels in the tanks may allow the system to 
continue to meet water quality regulations while reducing energy use and cost. 
Newer/different technology for the DO sensors may be more successful than the 
original sensors. 
 

• It is estimated that the cost to operate the blowers in the digester is approximately 
$10,000 per year. Currently, one of the blowers is on nearly continuously at a 
constant speed. The energy use and cost of the digester blowers may be reduced by 
installing VFDs or guide vanes to automatically adjust the speed of (“turndown”) the 
blowers based on water quality parameters in the digesters (such as DO). 
Additionally, the efficiency of the blowers is not known. The high efficiencies and 
control options of newer technology can make replacing existing blowers economical. 
 

• The motors on the digester blowers are not premium efficiency (they are energy 
efficient). While the savings per year associated with replacing the motors is not 
significant (estimated at about $300/year if both motors were upgraded), if the motors 
needs to be rewound or replaced, the cost should be compared to the cost of premium 
efficiency motors.  
 

• Automatically adjusting the RAS flow rate based on plant flow and biosolids settling 
characteristics can reduce the energy use and cost associated with excess 
recirculation. 
 

• The performance of the lift pumps at the head of the wastewater treatment plant has 
declined significantly. The district is in the process of repairing/replacing the pumps. 
The district should consider the benefit of a constant inflow to the treatment plant that 
could be achieved with VFDs on the lift pumps. Currently, the pumps turn on and off 
based on the water level in the sump. Analysis of pump hours (from the SCADA 
system) and treatment plant inflows (from the flow meter) indicate the pumps are 
turned on less than half of the time. 

 
Recycling 
Pixley PUD’s recycling system consists of a gravity system to the district’s pasture (43 
acres), and a combination gravity/pump system to a neighboring farmer’s pasture (160 
acres). Due to reductions in wastewater plant inflows (and therefore outflows), excess 
water had not been available to provide to the farmer in recent years, and the lift pump 
has not been used. The lift pump from the pond to the farmer’s field was evaluated with 
the wastewater treatment plant (see conclusions in that section, above). The following 
was the only significant conclusion generated for the recycling system: 
• If the lift pump is used in the future, the PUD could consider if the pump could be 

operated during off-peak hours only. 
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End Use Output 

 
 

End Use Conclusions 
• The population used for Pixley PUD is from the 2000 and 2010 censuses, and is therefore an 

estimate. However, the PUD appears to have a relatively low per-capita water use when 
compared to the region. 

• Pixley PUD installed meters on all water users in 2012 and converted to tiered rate billing. This 
appears to have contributed to a decline in recent water use. 

Characterization of End Use Consumption
Pixley PUD
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9 year average 176 GPCD

GPCD = average gallons per capita per day
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Constituent: Arsenic Output 
Analysis of water quality data and a survey of the district indicated that arsenic is an issue for the 
district. 
 

 
 

Constituent: Arsenic Conclusions 
• Water from Well 2a continuously exceeds the MCL for arsenic. 
• Water from Well 3a almost always exceeds the MCL for arsenic. 
• Water from Well 4 does not exceed the MCL for arsenic. 

   

Constituent Data Output
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Power Use Output 

 

Pixley PUD

Score* Abbrev. Sector
10 WS Water Supply
0 PWT Potable (Drinking) Water Treatment
0 WD Water Distribution
1 WWC Wastewater Collection
7 WWT Wastewater Treatment
0 RD Recycled Water Distribution

*Highest value denotes highest energy use (greatest energy savings potential)
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Power Use Conclusions 
• Nearly all of Pixley PUD’s energy is used by the water supply (wells) and wastewater treatment 

sectors. A small portion is used by the wastewater collection sector (wastewater lift pumps). 
• Pixley PUD’s wastewater treatment plant’s energy intensity (kWh/MG) falls between the 

average values for treatment plants of similar size (<1 MGD) and type (advanced treatment with 
nitrification) from two studies. 

 

Time-of-Use Output 
No time-of-use data was available. 
 

Time-of-Use Conclusions 
• No conclusions can be drawn regarding time-of-use energy use. 

 

Wastewater Treatment

Average Volume at WWTP (MG): 0.22 (This is the average of all entered data)
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"EPRI AVG" is an estimate of the average energy intensity for a wastewater treatment plant of similar size and type estimated by EPRI (EPRI. 2002. 
Water and Sustainability (Volume 4): U.S. Electricity Consumption for Water Supply & Treatment - The Next Half Century.)

"NY AVG" is an estimate of the average energy intensity for a wastewater treatment plant of similar size estimated by NYSERDA (NYSERDA. 2008. 
Statewide Assessment of Energy Use by the Municipal Water and Wastewater Sector.)
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Water Supply Sector – Conclusions 
• Pump curves were not available and the district did not know if the well pumps were operating 

at maximum efficiency on the pump curves. The operating point on the pump curve should be 
confirmed, and adjustments/modifications (such as trimming or replacing impellers) should be 
made if the pumps are not operating at maximum efficiency. Estimates of energy savings related 
to adjustments/modifications can be calculated and compared to the cost associated with the 
modification(s). Pumps may have been designed to operate at the maximum efficiency of the 
pump initially, but wear on the system and changes in groundwater levels will cause the system 
to operate at a different point along the pump curve. 
 

• Analysis of energy and flow records indicate the supply well pumps should be sequenced as 
follows to minimize energy use and cost: 

1. Pump 2a (should turn on first and turn off last) 
2. Pump 3a 
3. Pump 4 (should turn on last and turn off first) 

Energy and flow records should be reanalyzed periodically with changing groundwater levels, 
demand, and energy costs to re-evaluate the sequencing of the pumps. Sequencing is not simply 
based on the pressure directly downstream of each pump. Consideration should be given to the 
infrastructure between the pumps and storage (distances, pipe sizes, and flow rates) when 
determining pressure set-points at each site. 
 

• Well 2a’s motor appears to be slightly undersized given the current load (flow rate and total 
head) from the pump. This may be due to changes in the groundwater level. Southern California 
Edison’s (SCE) pump tests from 2014 show all three well pump motors operating above their 
rating. If a motor is constantly operating above its rated load, replacement of the motor should 
be considered. 
 

• The district currently sets the drip rate for oil lubrication of the bearings and lineshaft at one 
drop per 6 seconds (10 drops per minute) at all three of the well sites. Turbine well pump 
manufacturers generally recommend1 using the following equation for wells with a 1-11/16” 
shaft diameter (district wells have 1-11/16” diameter): 
 

Drops per minute = 7 + [3 × Setting Depth (ft)/100] 
 

For wells with bowls set at 500 ft (such as Wells 2a and 3a), this results in a drip rate of 22 drops 
per minute. The district should consider adjusting the drip rate.  Also, this is the initial drip rate, 
when a tank is full. As the tank empties, the drip rate will decrease. There are two 
recommendations to minimize this: 

(1) Install a large oil tank (> 4 gallons) (the district has done this already), and  
(2) Install the large tank at least 3 tank diameters above the adjusting valve. The tanks at 

all of the wells appear to currently be about 2 diameters above the connection to the 
lineshaft, with the adjusting valve near the oil tank; relocating the adjusting valve to 
near the connection to the lineshaft and raising the tank further would both reduce 
fluctuation in drip rate as the tank empties. 

See the Deep Well Oil Lubrication Fact Sheet for more information. 

                                                           
1 Christensen Pumps O&M Manual Deep Well Turbine Pumps, Goulds (Xylem) IOM Instructions for Deep Well 
Turbine Pumps, American-Marsh Pumps IOM for Lineshaft Turbine Pumps 
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• The district currently operates the water supply during peak hours; the district does not have 
the capacity to store water to minimize on-peak pumping. Future upgrades should consider 
options to reduce on-peak power use (the district indicated that plans for a future well include 
storage to reduce on-peak pumping). 
 

• The motor on Well 3a is not premium efficiency (it is standard efficiency). The estimated savings 
per year associated with replacing the motor with a premium efficiency motor are estimated at 
about $630/year. If the motor needs to be rewound or replaced, the cost should be compared 
to the cost of a premium efficiency motor. 
 

• The motor on Well 4 is not premium efficiency (it is standard efficiency). The estimated savings 
per year associated with replacing the motor with a premium efficiency motor are estimated at 
about $430/year. If the motor needs to be rewound or replaced, the cost should be compared 
to the cost of a premium efficiency motor. 
 

• Arsenic levels from Well 2a and Well 3a exceed federal standards. The district indicated that 
treatment and non-treatment options had been analyzed. The plans for compliance include 
blending the existing water with a new well with low arsenic levels and modifying (partially 
abandoning) the existing, non-compliant wells. 
 

• Well 3a has recently tested positive for Total Coliform. The source of the contamination is 
unknown. The district is limiting the use of this well pending further information. 
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Water Supply Sector – Inventory List 
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Walk-through Inventory List:
Supply Wells

(a) (b) (g) (h) (i)

Location / 
Name

Flow Rate
(GPM)

Water Quality 
Issues?

(Y/N, l ist 
contaminants)

Water 
Treatment?

(Y/N)

Well Age
(years)

1 2a 746 Y, arsenic Y

2 3a 620 Y, arsenic & TC Y

3 4 519 N Y

4

5

6

7

8

9

10

(c.)

Static Depth to Water 
Table

(ft)

329 347

326 343

800 (bowls @ 
500)

Unk

329 344
800 (bowls @ 

500)
Unk

600 Unk

(d) (e.) (f)

Pumping 
Depth to 

Water Table

Depth of Well
(ft)

Well Log 
Available?

(Y/N)
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Water Supply Sector – Output: Triggered Questions 

 

Triggered Questions
The following table is sorted by score (right column). Scores are relative, estimated values meant to help prioritize recommendations; higher scoring recommendations should be explored first.
A score of zero indicates no recommendation is given; the question is included for reference.
If more than 100 recommendations were generated, only the top 100 will  appear in the table below.

Device
Ease of 

Implement-
ation

Savings 
Potential

Total

1 Well 2a 19
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Unknown Further investigation needed. 10 5 3 18 

2 Well 2a 30
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed.
5 starts per hour 

allowable. Don't think this 
is exceeded.

10 5 3 18 

3 Well 2a 20
Are pumps sequenced based on 
relative efficiency (kWh or $ per 

million gallons)?
Unknown Further investigation needed.

Based on flow rate and 
water quality.

10 4 2 16 

4 Well 2a 21
Is/are the pump(s) correctly sized 

for normal operation?
Unknown Further investigation needed. 10 3 3 16 

5 Well 2a 27
Is/are the motor(s) correctly 

sized?
No

Consider replacing motor with 
correctly sized (premium 

efficient) motor. Small (<50 HP) 
oversized motors can be 

especially inefficient. The motor 
should run between 65-100% 

load during normal operation. If a 
large capacity is required for 

peak flows, consider multiple 
motors. See Fact Sheet M3.

(746 gpm x 441 ft) / 3960 = 
83.1 WHP. Motor is 100 HP. 

Motor is slightly 
undersized.

10 3 3 16 

6 Well 2a 13
Is the lubrication oil reservoir 
raised at least 3 times the tank 

height above the solenoid valve?
No

Raising the oil reservoir will help 
maintain a more constant drip 
rate. Consider raising the oil 
reservoir. See Fact Sheet W1.

Probably 2 diameters 
above valve.

10 2 3 15 

7 Well 2a 14
Does the drips/minute settling 
meet the guidelines from the 

following table?
No

An insufficient drip rate can 
contribute to pump failure. 

Consider correcting the drip rate. 
See Fact Sheet W1.

1.6875" diam, 500' to 
bowls; currently 10 drips 
per minute. ~22 drips per 
minute recommended.

10 2 3 15 

8 Well 2a 15
Is/are the pump(s) operated 

during peak hours?
Yes

Consider if operating the 
pump(s) during off-peak and part 

peak hours is feasible. See Fact 
Sheet G1.

Don’t have storage to 
pump during off-peak 

only. May have storage in 
future.

10 2 3 15 

Energy 
Savings

Water 
Savings

Water 
Quality

Score

NotesProgram OutputSection
Question 
Number

Question Answer
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9 Well 3a 19
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Unknown Further investigation needed. 7 5 3 15 

10 Well 3a 30
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed.

5 starts per hour 
allowable. Don't think this 
is exceeded. Currently is 

last in sequence, so hasn't 
turned on much.

7 5 3 15 

11 Well 4 19
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Unknown Further investigation needed. 5 5 3 13 

12 Well 4 30
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed.
5 starts per hour 

allowable. Don't think this 
is exceeded.

5 5 3 13 

13 Well 3a 20
Are pumps sequenced based on 
relative efficiency (kWh or $ per 

million gallons)?
Unknown Further investigation needed.

Based on flow rate and 
water quality.

7 4 2 13 

14 Well 3a 21
Is/are the pump(s) correctly sized 

for normal operation?
Unknown Further investigation needed. 7 3 3 13 

15 Well 3a 26
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.

Type RU = WPI, Standard 
Efficiency, NEMA, VHS    
92.1 (ODP; 1800; STD)

7 3 3 13 

16 WS Checklist 4
Are wells sequenced based on 

efficiency/cost to operate?
Unknown Further investigation needed.

Sequenced based on 
production: Well 2a is 

supposed to turn on first 
because it produces the 
most. Well 3 should turn 

on second.

- 4 2 6 

17 Well 3a 13
Is the lubrication oil reservoir 
raised at least 3 times the tank 

height above the solenoid valve?
No

Raising the oil reservoir will help 
maintain a more constant drip 
rate. Consider raising the oil 
reservoir. See Fact Sheet W1.

Probably 2 diameters 
above valve.

7 2 3 12 

18 Well 3a 14
Does the drips/minute settling 
meet the guidelines from the 

following table?
No

An insufficient drip rate can 
contribute to pump failure. 

Consider correcting the drip rate. 
See Fact Sheet W1.

1.6875" diam, 500' to 
bowls; currently 10 drips 
per minute. ~22 drips per 
minute recommended.

7 2 3 12 

19 Well 3a 15
Is/are the pump(s) operated 

during peak hours?
Yes

Consider if operating the 
pump(s) during off-peak and part 

peak hours is feasible. See Fact 
Sheet G1.

Don’t have storage to 
pump during off-peak 

only. May have storage in 
future.

7 2 3 12 

20 Well 4 20
Are pumps sequenced based on 
relative efficiency (kWh or $ per 

million gallons)?
Unknown Further investigation needed.

Based on flow rate and 
water quality.

5 4 2 11 
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21 Well 4 21
Is/are the pump(s) correctly sized 

for normal operation?
Unknown Further investigation needed. 5 3 3 11 

22 Well 4 26
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.
91.5% (ODP; 1200; STD) 5 3 3 11 

23 Well 4 13
Is the lubrication oil reservoir 
raised at least 3 times the tank 

height above the solenoid valve?
No

Raising the oil reservoir will help 
maintain a more constant drip 
rate. Consider raising the oil 
reservoir. See Fact Sheet W1.

Probably 2 diameters 
above valve.

5 2 3 10 

24 Well 4 14
Does the drips/minute settling 
meet the guidelines from the 

following table?
No

An insufficient drip rate can 
contribute to pump failure. 

Consider correcting the drip rate. 
See Fact Sheet W1.

1.6875" diam, ~400' to 
bowls; currently 10 drips 
per minute. ~19 drips per 
minute recommended.

5 2 3 10 

25 Well 4 15
Is/are the pump(s) operated 

during peak hours?
Yes

Consider if operating the 
pump(s) during off-peak and part 

peak hours is feasible. See Fact 
Sheet G1.

Don’t have storage to 
pump during off-peak 

only. May have storage in 
future.

5 2 3 10 

26 WS Checklist 2
Are pumps operated during peak 

hours?
Yes

It may be possible to use the 
existing storage in the system to 

operate the pumps off-peak, 
relying on storage during peak 

hours. See Fact Sheet G1.

Not enough storage to 
pump off-peak. Possibly 

will have storage with 
new tank.

- 2 3 5 

27 WS Checklist 5
Does the well water have water 

quality issues?
Yes See the following questions.

Wells 2a and 3a have high 
arsenic. Well 4  does not.

- - - - 

28 Well 2a 1
Are there water quality problems 

with:
Arsenic

Yes
Enter the current approximate 
concentration. See Fact Sheets 

Q1 to Q3.
14-18 PPM - - - - 

29 Well 3a 1
Are there water quality problems 

with:
Arsenic

Yes
Enter the current approximate 
concentration. See Fact Sheets 

Q1 to Q3.

12-14 PPM; has come into 
compliance sometimes.

- - - - 

30 Well 3a 11
Are there water quality problems 

with:
Other

Yes
Enter the current approximate 
concentration. See Fact Sheets 

Q1 to Q3.

Has recently tested 
positive for total coliform.

- - - - 



WATER SUPPLY - PIXLEY PUD 

Pixley PUD  Water Supply - 8 

Water Supply Sector – Output: Notes 

 

Questions with Notes
The table below contains all  notes that were indicated in the program.
If more than 100 notes were indicated, only the first 100 notes will  appear in the table below.

1 WS Checklist 2
Are pumps operated during peak 

hours?
Yes

It may be possible to use the 
existing storage in the system to 

operate the pumps off-peak, 
relying on storage during peak 

hours. See Fact Sheet G1.

Not enough storage to 
pump off-peak. Possibly 

will have storage with 
new tank.

2 WS Checklist 3
Does the site use generators 

during peak hours?
N/A Likely not allowed.

3 WS Checklist 4
Are wells sequenced based on 

efficiency/cost to operate?
Unknown Further investigation needed.

Sequenced based on 
production: Well 2a is 

supposed to turn on first 
because it produces the 
most. Well 3 should turn 

on second.

4 WS Checklist 5
Does the well water have water 

quality issues?
Yes See the following questions.

Wells 2a and 3a have high 
arsenic. Well 4  does not.

5 WS Checklist 6
For groundwater quality, has the 

city ruled out or pursued:
Blending

Yes No suggestion.
Well 4 does not produce 

enough to blend out 
arsenic. New well should.

6 WS Checklist 7

For groundwater quality, has the 
city ruled out or pursued:

Consolidating with nearby small 
towns

Yes No suggestion. Not close enough.

7 WS Checklist 8

For groundwater quality, has the 
city ruled out or pursued:

Connecting with a nearby large 
town

N/A Not close enough.

NotesSection Question 
Number

Question Answer Program Output
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8 WS Checklist 9

For groundwater quality, has the 
city ruled out or pursued:
Abandoning/destroying 

contaminated well(s)

Yes No suggestion.
Need the flow from the 3 

wells.

9 WS Checklist 10
For groundwater quality, has the 

city ruled out or pursued:
Building a new well

Yes No suggestion. In process of adding a well

10 WS Checklist 11

For groundwater quality, has the 
city ruled out or pursued:

Modifying (partially abandoning) 
contaminated well(s)

Yes No suggestion.
Will modify Wells 2a and 
3a to try to reduce arsenic 

(waiting for $).

11 WS Checklist 12
For groundwater quality, has the 

city ruled out or pursued:
Treatment

Yes No suggestion.

State will provide money 
to add well to blend 

water, rather than treat 
water.

12 Well 2a 1
Are there water quality problems 

with:
Arsenic

Yes
Enter the current approximate 
concentration. See Fact Sheets 

Q1 to Q3.
14-18 PPM

13 Well 2a 13
Is the lubrication oil reservoir 
raised at least 3 times the tank 

height above the solenoid valve?
No

Raising the oil reservoir will help 
maintain a more constant drip 
rate. Consider raising the oil 
reservoir. See Fact Sheet W1.

Probably 2 diameters 
above valve.

14 Well 2a 14
Does the drips/minute settling 
meet the guidelines from the 

following table?
No

An insufficient drip rate can 
contribute to pump failure. 

Consider correcting the drip rate. 
See Fact Sheet W1.

1.6875" diam, 500' to 
bowls; currently 10 drips 
per minute. ~22 drips per 
minute recommended.

15 Well 2a 15
Is/are the pump(s) operated 

during peak hours?
Yes

Consider if operating the 
pump(s) during off-peak and part 

peak hours is feasible. See Fact 
Sheet G1.

Don’t have storage to 
pump during off-peak 

only. May have storage in 
future.

16 Well 2a 17
Does/could the flow vary 

significantly with time and a VFD is 
not used?

No No suggestion.
On/off filling tank. VFD 

could be used to maintain 
pressure in line.
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17 Well 2a 18
Have pump efficiency tests been 

performed?
Yes No suggestion. 2014 by SCE.

18 Well 2a 20
Are pumps sequenced based on 
relative efficiency (kWh or $ per 

million gallons)?
Unknown Further investigation needed.

Based on flow rate and 
water quality.

19 Well 2a 25

Are there any components 
upstream or downstream of the 

pump that may be causing 
unnecessary losses (such as globe 

valves)?

No No suggestion.
DS: air vent, check valve, 
flow meter, gate valve.

20 Well 2a 27
Is/are the motor(s) correctly 

sized?
No

Consider replacing motor with 
correctly sized (premium 

efficient) motor. Small (<50 HP) 
oversized motors can be 

especially inefficient. The motor 
should run between 65-100% 

load during normal operation. If a 
large capacity is required for 

peak flows, consider multiple 
motors. See Fact Sheet M3.

(746 gpm x 441 ft) / 3960 = 
83.1 WHP. Motor is 100 HP. 

Motor is slightly 
undersized.

21 Well 2a 30
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed.
5 starts per hour 

allowable. Don't think this 
is exceeded.

22 Well 3a 1
Are there water quality problems 

with:
Arsenic

Yes
Enter the current approximate 
concentration. See Fact Sheets 

Q1 to Q3.

12-14 PPM; has come into 
compliance sometimes.

23 Well 3a 11
Are there water quality problems 

with:
Other

Yes
Enter the current approximate 
concentration. See Fact Sheets 

Q1 to Q3.

Has recently tested 
positive for total coliform.
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24 Well 3a 13
Is the lubrication oil reservoir 
raised at least 3 times the tank 

height above the solenoid valve?
No

Raising the oil reservoir will help 
maintain a more constant drip 
rate. Consider raising the oil 
reservoir. See Fact Sheet W1.

Probably 2 diameters 
above valve.

25 Well 3a 14
Does the drips/minute settling 
meet the guidelines from the 

following table?
No

An insufficient drip rate can 
contribute to pump failure. 

Consider correcting the drip rate. 
See Fact Sheet W1.

1.6875" diam, 500' to 
bowls; currently 10 drips 
per minute. ~22 drips per 
minute recommended.

26 Well 3a 15
Is/are the pump(s) operated 

during peak hours?
Yes

Consider if operating the 
pump(s) during off-peak and part 

peak hours is feasible. See Fact 
Sheet G1.

Don’t have storage to 
pump during off-peak 

only. May have storage in 
future.

27 Well 3a 17
Does/could the flow vary 

significantly with time and a VFD is 
not used?

No No suggestion.
On/off filling tank. VFD 

could be used to maintain 
pressure in line.

28 Well 3a 18
Have pump efficiency tests been 

performed?
Yes No suggestion. Tested in 2014 by SCE.

29 Well 3a 20
Are pumps sequenced based on 
relative efficiency (kWh or $ per 

million gallons)?
Unknown Further investigation needed.

Based on flow rate and 
water quality.

30 Well 3a 25

Are there any components 
upstream or downstream of the 

pump that may be causing 
unnecessary losses (such as globe 

valves)?

No No suggestion.
DS: air vent, check valve, 

flow meter, gate valve

31 Well 3a 26
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.

Type RU = WPI, Standard 
Efficiency, NEMA, VHS    
92.1 (ODP; 1800; STD)

32 Well 3a 27
Is/are the motor(s) correctly 

sized?
Yes No suggestion.

(620 gpm x 436 ft) / 3960 = 
68.3 WHP. Motor is 100 HP. 

Motor is correctly sized.
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33 Well 3a 30
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed.

5 starts per hour 
allowable. Don't think this 
is exceeded. Currently is 

last in sequence, so hasn't 
turned on much.

34 Well 4 1
Are there water quality problems 

with:
Arsenic

No No suggestion. ~4 PPM

35 Well 4 13
Is the lubrication oil reservoir 
raised at least 3 times the tank 

height above the solenoid valve?
No

Raising the oil reservoir will help 
maintain a more constant drip 
rate. Consider raising the oil 
reservoir. See Fact Sheet W1.

Probably 2 diameters 
above valve.

36 Well 4 14
Does the drips/minute settling 
meet the guidelines from the 

following table?
No

An insufficient drip rate can 
contribute to pump failure. 

Consider correcting the drip rate. 
See Fact Sheet W1.

1.6875" diam, ~400' to 
bowls; currently 10 drips 
per minute. ~19 drips per 
minute recommended.

37 Well 4 15
Is/are the pump(s) operated 

during peak hours?
Yes

Consider if operating the 
pump(s) during off-peak and part 

peak hours is feasible. See Fact 
Sheet G1.

Don’t have storage to 
pump during off-peak 

only. May have storage in 
future.

38 Well 4 17
Does/could the flow vary 

significantly with time and a VFD is 
not used?

No No suggestion.
On/off filling tank. VFD 

could be used to maintain 
pressure in line.

39 Well 4 18
Have pump efficiency tests been 

performed?
Yes No suggestion. Tested in 2014 by SCE.

40 Well 4 20
Are pumps sequenced based on 
relative efficiency (kWh or $ per 

million gallons)?
Unknown Further investigation needed.

Based on flow rate and 
water quality.

41 Well 4 25

Are there any components 
upstream or downstream of the 

pump that may be causing 
unnecessary losses (such as globe 

valves)?

No No suggestion.
DS: air vent, check valve, 
flow meter, gate valve.
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42 Well 4 26
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.
91.5% (ODP; 1200; STD)

43 Well 4 27
Is/are the motor(s) correctly 

sized?
Yes No suggestion.

(519 gpm x 437 ft) / 3960 = 
57 WHP. Motor is 75 HP. 
(57/75 = 76%). Motor is 

very slightly undersized.

44 Well 4 30
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed.
5 starts per hour 

allowable. Don't think this 
is exceeded.
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 Inputs: Motor Upgrade Calculator - Well 3a

Nameplate Horsepower 100 hp Number of Units 1
Motor Speed 1800 RPM Annual Operating Hours (Each) 1291
Enclosure Type ODP Cost of Electricity 0.17 $/kWh
Nameplate Nominal Efficiency (if given) 92.08 %
Standard Efficiency 92.08 %

(used if no Nameplate Efficiency given)
Optional:

Cost to rewind motor: $ Cost of energy efficient motor: $
Cost of standard motor: $ Cost of premium motor: $

Cost to install motor: $

 Outputs: Motor Upgrade Calculator - Well 3a

Energy and Cost Savings - Per Pump

Efficiency %
Annual Energy Use kWh/yr
Annual Energy Cost $/yr
Annual Energy Savings kWh/yr
Annual Cost Savings $/yr

102,317

Energy Efficient Motor

2,245
388

Premium Motor

100,923
94.1 95.4

17,460
3,639
630

17,701
0
0

Current Motor

104,562
18,089

Standard Motor

104,562
18,089

92.1 92.1

99,000

100,000

101,000

102,000

103,000

104,000

105,000

En
er

gy
 U

se
, k

W
-h

r/
ye

ar
/p

um
p

Current Motor Standard Motor Energy Efficient Motor Premium Motor

$17,100
$17,200
$17,300
$17,400
$17,500
$17,600
$17,700
$17,800
$17,900
$18,000
$18,100
$18,200

En
er

gy
 C

os
t, 

$/
ye

ar
/p

um
p

Current Motor Standard Motor Energy Efficient Motor Premium Motor
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 Inputs: Motor Upgrade Calculator - Well 4

Nameplate Horsepower 75 hp Number of Units 1
Motor Speed 1200 RPM Annual Operating Hours (Each) 1009
Enclosure Type ODP Cost of Electricity 0.22 $/kWh
Nameplate Nominal Efficiency (if given) 91.51 %
Standard Efficiency 91.51 %

(used if no Nameplate Efficiency given)
Optional:

Cost to rewind motor: $ Cost of energy efficient motor: $
Cost of standard motor: $ Cost of premium motor: $

Cost to install motor: $

 Outputs: Motor Upgrade Calculator - Well 4

Energy and Cost Savings - Per Pump

Efficiency %
Annual Energy Use kWh/yr
Annual Energy Cost $/yr
Annual Energy Savings kWh/yr
Annual Cost Savings $/yr

60,323

Energy Efficient Motor

1,378
306

Premium Motor

59,748
93.6 94.5

13,264
1,952
433

13,392
0
0

Current Motor

61,700
13,697

Standard Motor

61,700
13,697

91.5 91.5

58,500

59,000

59,500

60,000

60,500

61,000

61,500

62,000

En
er

gy
 U

se
, k

W
-h

r/
ye

ar
/p

um
p

Current Motor Standard Motor Energy Efficient Motor Premium Motor

$13,000

$13,100

$13,200

$13,300

$13,400

$13,500

$13,600

$13,700

$13,800

En
er

gy
 C

os
t, 

$/
ye

ar
/p

um
p

Current Motor Standard Motor Energy Efficient Motor Premium Motor
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Pixley PUD  Water Treatment - 1 

Potable Water Treatment Sector – Conclusions 
• The water treatment for Pixley PUD consists solely of chlorine injection at each of the wells. The 

chlorine pumps are very small (~0.04 kW/ 0.05 HP each). 
• Due to the small size of the pumps, there are no major energy/water savings recommendations. 

The treatment could be shifted off-peak in the future in conjunction with the water supply. 
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Potable Water Treatment Sector – Inventory List 
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Potable Water Treatment Sector – Output: Triggered Questions 
 

 

Triggered Questions
The following table is sorted by score (right column). Scores are relative, estimated values meant to help prioritize recommendations; higher scoring recommendations should be explored first.
A score of zero indicates no recommendation is given; the question is included for reference.
If more than 100 recommendations were generated, only the top 100 will  appear in the table below.

Device
Ease of 

Implement-
ation

Savings 
Potential

Total

1
Injection 
Pump 2a

5
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Unknown Further investigation needed. Very small pump. 10 5 3 18 

2
Injection 
Pump 2a

18
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed. Unlikely. 10 5 3 18 

3
Injection 
Pump 4

18
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed. Unlikely. 9 5 3 17 

4
Injection 
Pump 2a

8
Is most of the pump's discharge 
head used to overcome friction 

losses or elevation lift?
Unknown Further investigation needed. 10 4 2 16 

5
Injection 
Pump 4

8
Is most of the pump's discharge 
head used to overcome friction 

losses or elevation lift?
Unknown Further investigation needed. 9 4 2 15 

6
Injection 
Pump 3a

5
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Unknown Further investigation needed. Very small pump. 7 5 3 15 

7
Injection 
Pump 3a

18
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed. Unlikely. 7 5 3 15 

8
Injection 
Pump 2a

1
Is/are the pump(s) operated 

during peak hours?
Yes

Consider if operating the 
pump(s) during off-peak and part 

peak hours is feasible. See Fact 
Sheet G1.

10 2 3 15 

9
Injection 
Pump 4

1
Is/are the pump(s) operated 

during peak hours?
Yes

Consider if operating the 
pump(s) during off-peak and part 

peak hours is feasible. See Fact 
Sheet G1.

9 2 3 14 

Program OutputSection
Question 
Number

Question Answer Energy 
Savings

Water 
Savings

Water 
Quality

Score

Notes
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10
Injection 
Pump 3a

8
Is most of the pump's discharge 
head used to overcome friction 

losses or elevation lift?
Unknown Further investigation needed. 7 4 2 13 

11
Injection 
Pump 3a

1
Is/are the pump(s) operated 

during peak hours?
Yes

Consider if operating the 
pump(s) during off-peak and part 

peak hours is feasible. See Fact 
Sheet G1.

7 2 3 12 

12
PWT 

Checklist
1

Does the supply operate during 
peak hours?

Yes

Storage at the head of the water 
treatment plant could allow the 

supply system to operate off-
peak, even if the water 

treatment plant doesn't. See Fact 
Sheet G1.

- 3 2 5 

13
PWT 

Checklist
2

Does the water treatment plant 
operate during peak hours?

Yes

It may be possible to shift 
operation to off-peak hours. 
Operating off-peak requires 

appropriate storage. 
Additionally, you must consider 
staff flexibility. See Fact Sheet 

G1.

- 3 2 5 

14
PWT 

Checklist
36

Is there enough storage at the end 
of the plant so that water 

treatment can operate off-peak?
No

Consider if storage can be made 
available to allow water 

treatment operations to cease 
during off-peak hours . See Fact 

Sheet G1.

Planned for future. - 1 2 3 
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Questions with Notes
The table below contains all  notes that were indicated in the program.
If more than 100 notes were indicated, only the first 100 notes will  appear in the table below.

1
PWT 

Checklist
3

Does the site use generators 
during peak hours?

N/A Likely not allowed.

2
PWT 

Checklist
4

Does the site have an electric 
demand controller?

N/A
Only a single chlorine 

pump.

3
PWT 

Checklist
5

Are treatment plants sequenced 
based on cost/energy required to 

operate (this includes the 
cost/energy associated with the 

supply)?

N/A
Treatment plants are 

identical.

4
PWT 

Checklist
36

Is there enough storage at the end 
of the plant so that water 

treatment can operate off-peak?
No

Consider if storage can be made 
available to allow water 

treatment operations to cease 
during off-peak hours . See Fact 

Sheet G1.

Planned for future.

5
Injection 
Pump 2a

4
Have pump efficiency tests been 

performed?
N/A Very small pump.

6
Injection 
Pump 2a

5
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Unknown Further investigation needed. Very small pump.

7
Injection 
Pump 2a

18
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed. Unlikely.

8
Injection 
Pump 3a

4
Have pump efficiency tests been 

performed?
N/A Very small pump.

NotesSection Question 
Number

Question Answer Program Output



POTABLE WATER TREATMENT - PIXLEY PUD 

Pixley PUD  Water Treatment - 6 

 
 

9
Injection 
Pump 3a

5
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Unknown Further investigation needed. Very small pump.

10
Injection 
Pump 3a

18
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed. Unlikely.

11
Injection 
Pump 4

4
Have pump efficiency tests been 

performed?
N/A Very small pump.

12
Injection 
Pump 4

5
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Yes No suggestion. Very small pump.

13
Injection 
Pump 4

18
Do the starts per hour exceed the 

appropriate value in the chart 
below?

Unknown Further investigation needed. Unlikely.
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Water Distribution Sector – Conclusions 
• Pixley PUD does not study and/or estimate delivery losses, or have an active leak program. All or 

any of these actions could help identify and reduce losses in the system. 
 

Water Distribution Sector – Inventory List 
The Water Distribution system relies solely on the water supply tanks. There are no other devices used 
in the water distribution system. 
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Water Distribution Sector – Output: Triggered Questions 

 
 

Water Distribution Sector – Output: Notes 

 

Triggered Questions
The following table is sorted by score (right column). Scores are relative, estimated values meant to help prioritize recommendations; higher scoring recommendations should be explored first.
A score of zero indicates no recommendation is given; the question is included for reference.
If more than 100 recommendations were generated, only the top 100 will appear in the table below.

Device
Ease of 

Implement-
ation

Savings 
Potential Total

1 WD Checklist 6 Is there a leak reduction program? No
Active leak management reduces 
lost water, conserving water and 

energy. See Fact Sheet D2.

No active program. 
California Rural Water Assoc 
looked at an older steel line 
in 2016 and didn’t find any 

leaks.

- 2 3 5  

2 WD Checklist 4
Does the city know their losses from 

delivery?
No

"If you can't measure it, you can't 
manage it." Consider studying and 
estimating delivery losses to better 
understand and manage the losses. 

See Fact Sheet D3.

- 1 3 4  

Program OutputSection
Question 
Number

Question Answer Energy 
Savings

Water 
Savings

Water 
Quality

Score

Notes

Questions with Notes
The table below contains all notes that were indicated in the program.
If more than 100 notes were indicated, only the first 100 notes will appear in the table below.

1 WD Checklist 3
Does the city have accurate 

metering?
Yes No suggestion. At wells and at end users

2 WD Checklist 6 Is there a leak reduction program? No
Active leak management reduces 
lost water, conserving water and 

energy. See Fact Sheet D2.

No active program. 
California Rural Water Assoc 
looked at an older steel line 
in 2016 and didn’t find any 

leaks.

3 WD Checklist 7
If valves and hydrants are tested 

periodically, is the water collected 
and used for a secondary purpose?

Yes No suggestion. Pixley ID uses the water.

NotesSection Question 
Number

Question Answer Program Output
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End Use Sector – Conclusions 
• The installation of water meters on all customer’s lines in 2012 and the use of tiered billing has 

decreased water use in the community. 
• There are a variety of low to moderate cost incentives/devices that can be implemented by the 

PUD to encourage active leak detection and water conservation by end users. 
• Meeting with the top water users and providing education on water use and conservation 

methods can provide significant water savings with minimal effort. 
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End Use Sector – Inventory List 

 
 
  

Walk-through Inventory List:
End Use

Sector Techniques

1 Residential Lawns can only be watered 2 days per week, not in afternoon.

2 Commercial

3 Recreational - Park Main park in Pixley has its own well, is part of Tulare County.

4
Recreational - Park

Small park is managed by Pixley PUD; has sprinklers for lawn 
and drip for trees; no scheduling plan, adjust hours based on 
appearance.

5 Schools - elementary school

6 Schools - middle school Has own well for irrigation.

7
All

2012 - half of town was metered; grant allowed entire town to 
be metered; can read meters with radio.

8
All

Reporting and patrol; about 6 tickets written last year - 1st 
ticket is a warning, 2nd $25 (one last year), 3rd $50.

9

10
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End Use Sector – Output: Triggered Questions 

 

Triggered Questions
The following table is sorted by score (right column). Scores are relative, estimated values meant to help prioritize recommendations; higher scoring recommendations should be explored first.
A score of zero indicates no recommendation is given; the question is included for reference.
If more than 100 recommendations were generated, only the top 100 will appear in the table below.

Device
Ease of 

Implement-
ation

Savings 
Potential Total

1
End Use 
Checklist

2
Has the city notified or met with the 
top water users in the system to help 

identify potential modifications?
No

Targeting top water users can 
maximize water conservation 

efforts.

The elementary school is the 
biggest user (irrigation).

- 5 5 10  

2
End Use 
Checklist

1

Does the city complete AWWA's 
Water Loss Control Committee 

(WLCC) Free Water Audit Software, 
or equivalent?

No

Maintaining an auditing tool for 
water use can help water utilities 
account for and manage system 

water losses. The American Water 
Works Association (AWWA) 

provides a free tool that is available 
online (www.awwa.org).

- 5 4 9  

3
End Use 
Checklist

15
Does the city provide toilet leak 
detection tablets to residential 

customers?
No

Leak detection tablets can alert 
customers to issues, instigating 

repair. See Fact Sheet E1.
- 4 5 9  

4
End Use 
Checklist

17
Does the city offer incentives to 

residential customers for:
 Irrigation scheduling

No

Offering incentives, such as rebates, 
for residential outdoor water 

efficient measures and equipment 
can improve water conservation. 

See Fact Sheet E1.

- 4 5 9  

5
End Use 
Checklist

34
Does the city provide toilet leak 

detection tablets to CII customers?
No

Leak detection tablets can alert 
customers to issues, instigating 

repair. See Fact Sheet E2.
- 4 5 9  

6
End Use 
Checklist

36
Does the city offer incentives to CII 

customers for:
 Irrigation scheduling

No

Offering incentives, such as rebates, 
for CII outdoor water efficient 
measures and equipment can 

improve water conservation. See 
Fact Sheet E2.

- 4 5 9  

7
End Use 
Checklist

42
Do all recreational users have 

meters?
No

Meters provide accountability to 
users and typically reduce water use 

by 20%. See Fact Sheet E3.
Park does not have meter - 4 5 9  

8
End Use 
Checklist

3
Does the city know the breakdown of 
its water users (residential, industrial, 

institutional, commercial)?
Unknown Further investigation needed. - 5 3 8  

9
End Use 
Checklist

13
Does the city offer incentives to 

residential customers for:
Faucet Aerators

No
Offering incentives, such as rebates, 

can improve water conservation. 
See Fact Sheet E1.

- 5 3 8  

Program OutputSection
Question 
Number

Question Answer Energy 
Savings

Water 
Savings

Water 
Quality

Score

Notes
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10
End Use 
Checklist

29
Does the city offer incentives to CII 

customers for:
Low-flow spray rinse nozzles

No
Offering incentives, such as rebates, 

can improve water conservation. 
See Fact Sheet E2.

- 5 3 8  

11
End Use 
Checklist

31
Does the city offer incentives to CII 

customers for:
Faucet Aerators

No
Offering incentives, such as rebates, 

can improve water conservation. 
See Fact Sheet E2.

- 5 3 8  

12
End Use 
Checklist

10
Does the city offer incentives to 

residential customers for:
Low-flush toilets

No
Offering incentives, such as rebates, 

can improve water conservation. 
See Fact Sheet E1.

- 3 4 7  

13
End Use 
Checklist

11
Does the city offer incentives to 

residential customers for:
Low-flow shower heads

No
Offering incentives, such as rebates, 

can improve water conservation. 
See Fact Sheet E1.

- 5 2 7  

14
End Use 
Checklist

28
Does the city offer incentives to CII 

customers for:
Low-flush toilets/low flow urinals

No
Offering incentives, such as rebates, 

can improve water conservation. 
See Fact Sheet E2.

- 3 4 7  

15
End Use 
Checklist

12
Does the city offer incentives to 

residential customers for:
High efficiency washing machines

No
Offering incentives, such as rebates, 

can improve water conservation. 
See Fact Sheet E1.

- 3 3 6  

16
End Use 
Checklist

19

Does the city offer incentives to 
residential customers for:

Xeriscape or low water use 
landscaping

No

Offering incentives, such as rebates, 
for residential outdoor water 

efficient measures and equipment 
can improve water conservation. 

See Fact Sheet E1.

- 2 4 6  

17
End Use 
Checklist

20
Does the city offer incentives to 

residential customers for:
Lawn replacement

No

Offering incentives, such as rebates, 
for residential outdoor water 

efficient measures and equipment 
can improve water conservation. 

See Fact Sheet E1.

- 2 4 6  

18
End Use 
Checklist

26

Has the city invested in water 
education measures for CII 

customers regarding indoor water 
conservation?

No
Water education can reduce the 
amount of water consumed by 

users.  See Fact Sheet E2.
- 3 3 6  

19
End Use 
Checklist

30
Does the city offer incentives to CII 

customers for:
High efficiency washing machines

No
Offering incentives, such as rebates, 

can improve water conservation. 
See Fact Sheet E2.

- 3 3 6  

20
End Use 
Checklist

33

Does the city offer any incentives to 
CII customers for cooling towers, ice 

making, laundry processing, or 
medical imaging equipment?

No

Offering incentives, such as rebates, 
for commercial/industrial water-
efficient equipment can improve 

water conservation. See Fact Sheet 
E2.

- 2 4 6  
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21
End Use 
Checklist

38

Does the city offer incentives to CII 
customers for:

Xeriscape or low water use 
landscaping

No

Offering incentives, such as rebates, 
for CII outdoor water efficient 
measures and equipment can 

improve water conservation. See 
Fact Sheet E2.

- 2 4 6  

22
End Use 
Checklist

39
Does the city offer incentives to CII 

customers for:
Lawn replacement

No

Offering incentives, such as rebates, 
for CII outdoor water efficient 
measures and equipment can 

improve water conservation. See 
Fact Sheet E2.

- 2 4 6  

23
End Use 
Checklist

41

Does the city offer any incentives to 
CII customers for on-site water 
treatment and reuse (includes 
industrial processes, landscape 
irrigation, agricultural irrigation, 

fountains, fire protection)?

No

Offering incentives, such as rebates, 
for CII water reuse can reduce the 
demand on the municipal potable 
water system. See Fact Sheet E2.

- 2 4 6  

24
End Use 
Checklist

18
Does the city offer incentives to 

residential customers for:
Efficient equipment

No

Offering incentives, such as rebates, 
for residential outdoor water 

efficient measures and equipment 
can improve water conservation. 

See Fact Sheet E1.

- 2 3 5  

25
End Use 
Checklist

37
Does the city offer incentives to CII 

customers for:
Efficient equipment

No

Offering incentives, such as rebates, 
for CII outdoor water efficient 
measures and equipment can 

improve water conservation. See 
Fact Sheet E2.

- 2 3 5  
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End Use Sector – Output: Notes 

 

Questions with Notes
The table below contains all notes that were indicated in the program.
If more than 100 notes were indicated, only the first 100 notes will appear in the table below.

1
End Use 
Checklist

2
Has the city notified or met with the 
top water users in the system to help 

identify potential modifications?
No

Targeting top water users can 
maximize water conservation 

efforts.

The elementary school is the 
biggest user (irrigation).

2
End Use 
Checklist

5
For residential users, does the city use 

any of the following tiered-rate 
structures?

Yes No suggestion.

3/4-1" line - 27,000 gallon 
base, $2/1000 gal after, no 
cap. Commercial customers 

have 4" line, bigger base

3
End Use 
Checklist

6
Does the city provide indoor water 

audits to residential customers?
Yes No suggestion.

If high usage is noted, PUD 
will flag and look over for 

leaks to see if a cause can be 
found. 

4
End Use 
Checklist

7
Does the city provide outdoor water 

audits to residential customers?
Yes No suggestion. As needed.

5
End Use 
Checklist

8

Has the city invested in water 
education measures for residential 
customers regarding indoor water 

conservation?

Yes No suggestion. As needed.

6
End Use 
Checklist

9

Has the city invested in water 
education measures for residential 
customers regarding outdoor water 

conservation?

Yes No suggestion.
Watering 2x per week, no 

watering in afternoons

7
End Use 
Checklist

16

Does the city reduce the pressure or 
recommend pressure reducing valves 
to residential customers with excess 

pressure?

N/A
Water tower limits pressure 

to 40 PSI max

NotesSection Question 
Number

Question Answer Program Output
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8
End Use 
Checklist

24
Does the city provide indoor water 

audits to CII customers?
Yes No suggestion. As needed.

9
End Use 
Checklist

25
Does the city provide outdoor water 

audits to CII customers?
Yes No suggestion. As needed.

10
End Use 
Checklist

27

Has the city invested in water 
education measures for CII 

customers regarding outdoor water 
conservation?

Yes No suggestion.
Watering 2x/week, not in 

afternoons

11
End Use 
Checklist

35

Does the city reduce the pressure or 
recommend pressure reducing valves 

to CII customers with excess 
pressure?

N/A
Water tower limits pressure 

to 40 PSI

12
End Use 
Checklist

42
Do all recreational users have 

meters?
No

Meters provide accountability to 
users and typically reduce water use 

by 20%. See Fact Sheet E3.
Park does not have meter

13
End Use 
Checklist

43
For recreational users, does the city 
use any of the following tiered-rate 

structures?
N/A PUD manages park
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Wastewater Collection Sector – Conclusions 
The only pumps in Pixley PUD’s wastewater collection system are at the inlet of the wastewater 
treatment plant. These pumps are included in the analysis of the wastewater treatment plant. 
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Wastewater Collection Sector – Inventory List 
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Wastewater Collection Sector – Output: Triggered Questions 

 
 

Wastewater Collection Sector – Output: Notes 

 
 

Triggered Questions
The following table is sorted by score (right column). Scores are relative, estimated values meant to help prioritize recommendations; higher scoring recommendations should be explored first.
A score of zero indicates no recommendation is given; the question is included for reference.
If more than 100 recommendations were generated, only the top 100 will appear in the table below.

Device
Ease of 

Implement-
ation

Savings 
Potential Total

1
WWC 

Checklist
2

Are pumps operated during peak 
hours?

Yes

It may be possible to use the 
existing storage in the system to 

operate the pumps off-peak, relying 
on storage during peak hours. See 

Fact Sheet G1.

Not sufficient storage in 
system.

- 2 3 5 

Program OutputSection
Question 
Number

Question Answer Energy 
Savings

Water 
Savings

Water 
Quality

Score

Notes

Questions with Notes
The table below contains all notes that were indicated in the program.
If more than 100 notes were indicated, only the first 100 notes will appear in the table below.

1
WWC 

Checklist
1

Is the city working to reduce inflows 
into the system?

N/A

Storm is county - different 
system. There are slightly 
higher flows at the WWTP 

during storms, but not 
signficant.

2
WWC 

Checklist
3

Does the site use generators during 
peak hours?

N/A Likely not allowed.

NotesSection Question 
Number

Question Answer Program Output
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Wastewater Treatment Sector – Conclusions 
• A majority (>75%) of the energy used in the treatment plant is used by the STM-Aerotors in the 

aeration tanks and the blowers in the aerobic digester. Therefore, optimizing these 
devices/processes will provide the largest reduction in energy use and cost. 
 

• It is estimated that the cost to operate the STM-Aerotors is approximately $15,000 per year. The 
treatment plant was originally designed to adjust the speed of the STM-Aerotors based on the 
DO levels in the tank, but issues with the DO sensors caused the district to abandon the 
automatic control. The district currently manually adjusts the speed of the STM-Aerotors 
seasonally. While the treatment plant currently meets water quality regulations, automatically 
adjusting the speed of the STM-Aerotors based on the dissolved oxygen (DO) levels in the tanks 
may allow the system to continue to meet water quality regulations while reducing energy use 
and cost. Newer/different technology for the DO sensors may be more successful than the 
original sensors. 
 

• It is estimated that the cost to operate the blowers in the digester is approximately $10,000 per 
year. Currently, one of the blowers is on nearly continuously at a constant speed. The energy 
use and cost of the digester blowers may be reduced by installing VFDs or guide vanes to 
automatically adjusting the speed of (“turndown”) the blowers based on water quality 
parameters in the digesters (such as DO). Additionally, the efficiency of the blowers is not 
known. The high efficiencies and control options of newer technology can make replacing 
existing blowers economical. 
 

• The motors on the digester blowers are not premium efficiency (they are energy efficient). 
While the savings per year associated with replacing the motors is not significant (estimated at 
about $300/year if both motors were upgraded), if the motor needs to be rewound or replaced, 
the cost should be compared to the cost of a premium efficiency motor.  
 

• Automatically adjusting the RAS flow rate based on plant flow and biosolids settling 
characteristics can reduce the energy use and cost associated with excess recirculation. 
 

• The performance of the lift pumps at the head of the wastewater treatment plant has declined 
significantly. The district is in the process of repairing/replacing the pumps. The district should 
consider the benefit of a constant inflow to the treatment plant that could be achieved with 
VFDs on the lift pumps. Currently, the pumps turn on and off based on the water level in the 
sump. Analysis of pump hours (from the SCADA system) and treatment plant inflows (from the 
flow meter) indicate the pumps are turned on less than half of the time. 
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Wastewater Treatment Sector – Inventory List 

 

Walk-through Inventory List:
Wastewater Treatment

(a) (b) (c.) (d) (h) (i)
(f) * (g)

(j)
(h) * (i)

(k)

Location / 
Name

Equipment 
Type

Quantity Controls
Estimate of 
Power Cost 
($/kW-hr)

Estimate of 
kW-hr/yr

Estimate of 
yearly cost 

($)

Device 
Score*

1 Wastewater 
Lift Station Lift Pumps 3

based on WL, 
rotates primary 

by cycle
10 HP 10 HP 36 % 0.11 23,542 2,543 2

2 Spiral Screen Motor 1
on/off with l ift 

pumps 1 HP 1 HP 36 % 0.11 2,354 254 0

3 STM-Aerotors Mixer 4
always on, fixed 
speed adjusted 

seasonally
7.5 HP 23 HP 100 % 0.11 150,407 16,244 10

4 Clarifier 
Main Chain Motor 2

fixed constant 
speed 0.5 HP 1 HP 100 % 0.11 6,539 706 0

5 Clarifier 
Sludge Chain Motor 2

fixed constant 
speed 0.5 HP 1 HP 100 % 0.11 6,539 706 0

6 WAS RAS 
Pump Pump 2

fixed constant 
speed 2.7 HP 5.4 HP 100 % 0.11 35,313 3,814 2

7 Digester 
Blowers Blower 2

one always on, 
switch 

manually
30 HP 15 HP 100 % 0.11 98,092 10,594 7

8 Sludge 
Thickener Chemical Pump 1

on when digester 
is dumped (~every 

4 weeks)
0.029 kW 0.029 kW 50 hrs/yr 0.11 1 0 0

9 Farmer Pump Pump 1
manual, never 

on 10 HP 10 HP 0 % 0.11 0 0 0

10

*The Device Score (k) is a sector-specific score, indicative of the energy use by each device/set of devices. A higher score indicates higher energy use, 
and therefore more energy-saving potential.

$34,861
Average Daily Energy Use: 884 kW-hr

(e) (f) (g)

HP/kW per 
unit

Typical Total 
HP/kW

Estimate of total 
hours/yr (or %)

Total Yearly Expense:
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Wastewater Treatment Sector – Output: Triggered Questions 

 

Triggered Questions
The following table is sorted by score (right column). Scores are relative, estimated values meant to help prioritize recommendations; higher scoring recommendations should be explored first.
A score of zero indicates no recommendation is given; the question is included for reference.
If more than 100 recommendations were generated, only the top 100 will appear in the table below.

Device
Ease of 

Implement-
ation

Savings 
Potential Total

1
WWT 

Checklist
20

Is the DO in the suspended growth 
system maintained automatically 

with sensors?
No

Maintaining the DO automatically 
via sensors and VFDs reduces 
wasted energy from excess 

aeration.

It was initially, but the 
sensors weren't working, so 
they switched to constant 

speed, adjusted seasonally.

- 5 4 9 

2
WWT 

Checklist
21

Does the DO probe provide an 
accurate measurement of the 

dissolved oxygen in the aerated 
basin?

Unknown Further investigation needed. - 5 4 9 

3 STM-Aerotors 3

Is the speed (or height of the 
mechanical aerator) automatically 

adjusted based on inflow, DO level, or 
other pertinent measurement?

No

Consider installing sensors and 
controls to automatically adjust 

speed or height. Manually adjusting 
equipment to meet flow and 

wastewater strength often leads to 
over-aeration or over-mixing, which 

wastes energy. Automatic 
measurement and adjustment 
ensures optimum mixing and 
aeration. See Fact Sheet B3.

Set up to adjust 
automatically based on DO, 
but sensors and unit didn't 

work together so they 
manually adjust the speed 

seasonally.

10 3 5 18 

4
WWT 

Checklist
23

Is the RAS rate in the suspended 
growth system adjusted 

automatically based on plant flow 
and biosolids settling characteristics?

No

Adjusting the RAS flow 
automatically via sensors and VFDs 
reduces wasted energy from excess 

recirculation. See Fact Sheet G5.

RAS flow is constant. - 3 5 8 

5 STM-Aerotors 4
Is/are the motor(s) premium 

efficiency?
Unknown Further investigation needed. Unknown (TEFC; 1200) 10 3 3 16 

6 STM-Aerotors 5 Is/are motor(s) correctly sized? Unknown Further investigation needed. 10 3 3 16 

7 STM-Aerotors 1
Is/are the mixer(s) operated during 

peak hours?
Yes

Consider if operating the mixer(s) 
during off-peak and part peak hours 

is feasible. See Fact Sheet G1.
10 2 3 15 

Energy 
Savings

Water 
Savings

Water 
Quality

Score

NotesProgram OutputSection
Question 
Number

Question Answer
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8
Digester 
Blowers

5
Is/are the blower(s) automatically 

adjusted based on inflow, DO, or an 
other pertinent parameter?

No

Consider installing sensors and 
controls to automatically adjust 

speed (with VFD). Manually 
adjusting equipment to meet flow 

and wastewater strength often 
leads to over-aeration, which 

wastes energy. Automatic 
measurement and adjustment 

ensures optimum aeration. See Fact 
Sheet B3.

7 3 5 15 

9
Digester 
Blowers

11 Are fine bubble diffusers used? Unknown Further investigation needed. 7 3 5 15 

10
WWT 

Checklist
28

Is the bio-solids pumping rate 
adjusted based on accumulation in 

the secondary clarifiers?
No

Biosolids pumping could be 
optimized. Basing pumping on 
accumulation ensures a solids 
content in the water pumped, 

minimizing pumping as well as the 
energy associated with the 

dewatering process.

- 3 4 7 

11
WWT 

Checklist
51 Is aerobic digestion used? Yes

Consider switching to anaerobic 
digestion. Anaerobic digestion is less 

energy intensive (does not require 
oxygen and produces less sludge) 
and produces an energy source 
(biogas). However, anaerobic 

digestion requires heat, is a slower 
process, and is sensitive to 

variations in flow or composition.

Not ideal for small systems. - 2 5 7 

12
Digester 
Blowers

2
Are the main blowers single stage 

centrifugal blowers with VFDs (geared 
or turbo blowers)?

No

Consider newer technologies. The 
higher efficiencies of newer 

technologies may make replacing 
existing blowers economical. See 

Fact Sheet B1.

7 3 4 14 

13
Digester 
Blowers

4 Is a VFD or guide vanes used? No

In most applications, the blower 
output can be adjusted based on the 
flow or pressure needed. For most 
blowers, VFDs can be installed to 
"turndown" the blower. See Fact 

Sheets B5 and M2.

7 3 4 14 
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14
Digester 
Blowers

8
Is/are the blower(s) operating at 
maximum efficiency on the curve 

during normal operation?
Unknown Further investigation needed. 7 3 4 14 

15
Digester 
Blowers

10
Is/are the blower(s) correctly sized 

for normal operation?
Unknown Further investigation needed. 7 3 3 13 

16
Digester 
Blowers

13
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.
92.4% (TEFC; 1800; EE) 7 3 3 13 

17
Digester 
Blowers

14 Is/are the motor(s) correctly sized? Unknown Further investigation needed. 7 3 3 13 

18
WWT 

Checklist
2

Does the site have an electric 
demand controller?

No

Electric demand controllers are used 
to ensure multiple cyclic equipment 
do not operate at the same time. 

They can also be used for load 
shedding, turning off non-critical 

equipment when the load reaches a 
certain threshold. See Fact Sheet 

G4.

- 2 4 6 

19
WWT 

Checklist
4

Is freshwater used rather than final 
effluent?

Yes

If water quality of final effluent is 
adequate, using effluent rather than 

freshwater can reduce overall 
pumping requirements.

Secondary effluent, not 
suitable.

- 2 4 6  

20
WWT 

Checklist
18

Is the speed of the RBC units or 
number of units operating adjusted 

based on flow?
No

Basing the speed/number of units 
operating on the flow rate in the 

system can help optimize the system 
and reduce energy.

Initially based on DO, but 
sensors weren't working, so 
they switched to constant 

speed, adjusted seasonally.

- 2 4 6 

21
WWT 

Checklist
29

Is there air and/or water spraying for 
foam and scum control in the 

secondary clarifiers?
Yes

If yes, if it operates automatically 
on a timer, it may be operating too 

frequently, especially during low 
flows. Consider basing the 

operation on the flow.

- 2 4 6 

22
Digester 
Blowers

1
Is/are the blower(s) operated during 

peak hours?
Yes

Consider if operating the blower(s) 
during off-peak and part peak hours 

is feasible. See Fact Sheet G1.
7 2 3 12 

23
WAS RAS 

Pumps
4

Have pump efficiency tests been 
performed?

No
Consider performing pump tests. 

See Fact Sheet P5.
2 5 3 10 

24
WAS RAS 

Pumps
5

Is/are the pump(s) operating at 
maximum efficiency on the curve 

during normal operation?
Unknown Further investigation needed. 2 5 3 10 
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25
WWT 

Checklist
1

Does the wastewater treatment plant 
operate any components off-peak?

No

Operating off-peak can reduce 
energy costs. However, it requires 
appropriate storage. Additionally, 
you must consider staff flexibility. 

An alternative could be to use 
generators during peak hours. See 

Fact Sheet G1.

- 2 3 5 

26
WWT 

Checklist
5

Is the whole utility water system 
pressurized?

Yes

It may be possible to reduce power 
consumption by installing small 

booster pumps where necessary, 
rather than pressurizing the whole 

system.

From city, not pressurized on-
site.

- 3 2 5 

27 Lift Pumps 4
Have pump efficiency tests been 

performed?
No

Consider performing pump tests. 
See Fact Sheet P5.

There has been noticeable 
decline in the performance 

of the pumps. PUD is in 
process of 

repairing/replacing the 
pumps.

2 5 3 10 

28 Lift Pumps 5
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Unknown Further investigation needed. 2 5 3 10 

29 Lift Pumps 9
Are there any abrupt in-line (not tee) 

pipe size changes?
Unknown Further investigation needed. 2 3 5 10 

30 Lift Pumps 10
Are there any unnecessary sharp 

elbows?
Unknown Further investigation needed. 2 4 4 10 

31 Lift Pumps 18
Do the starts per hour exceed the 

appropriate value in the chart below?
Unknown Further investigation needed.

10 HP 1800 RPM; max 10 
starts per hour 
recommended

2 5 3 10 

32
WAS RAS 

Pumps
3

Does/could the flow vary significantly 
with time and a VFD is not used?

Yes

Consider a VFD. VFDs allow the 
pump to be adjusted based on 

actual needs (such as flow rate).  
See Fact Sheet M2.

2 3 4 9 

33 Lift Pumps 3
Does/could the flow vary significantly 

with time and a VFD is not used?
Yes

Consider a VFD. VFDs allow the 
pump to be adjusted based on 

actual needs (such as flow rate).  
See Fact Sheet M2.

Right now, turns on and off 
based on WL. This means no 

flow into plant at times.
2 3 4 9 

34 Lift Pumps 11

Are there any components upstream 
or downstream of the pump that may 
be causing unnecessary losses (such 

as globe valves)?

Unknown Further investigation needed. 2 3 4 9 

35
WAS RAS 

Pumps
7

Is/are the pump(s) correctly sized for 
normal operation?

Unknown Further investigation needed. 2 3 3 8 
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36
WAS RAS 

Pumps
14

Is/are the motor(s) premium 
efficiency?

Unknown Further investigation needed. 2 3 3 8 

37
WAS RAS 

Pumps
15 Is/are the motor(s) correctly sized? Unknown Further investigation needed. 2 3 3 8 

38 Farmer Pump 4
Have pump efficiency tests been 

performed?
Unknown Further investigation needed. Installed in 2009 0 5 3 8 

39 Farmer Pump 5
Is/are the pump(s) operating at 

maximum efficiency on the curve 
during normal operation?

Unknown Further investigation needed. 0 5 3 8 

40
Sludge Thick 

Pump
5

Is/are the pump(s) operating at 
maximum efficiency on the curve 

during normal operation?
Unknown Further investigation needed. 0 5 3 8 

41
WAS RAS 

Pumps
1

Is/are the pump(s) operated during 
peak hours?

Yes
Consider if operating the pump(s) 

during off-peak and part peak hours 
is feasible. See Fact Sheet G1.

2 2 3 7 

42 Lift Pumps 1
Is/are the pump(s) operated during 

peak hours?
Yes

Consider if operating the pump(s) 
during off-peak and part peak hours 

is feasible. See Fact Sheet G1.
2 2 3 7 

43
Clarifier Main 

Flight
4 Is/are the motor(s) correctly sized? Unknown Further investigation needed. 0 3 3 6 

44
Clarifier 

Sludge Flight
4 Is/are the motor(s) correctly sized? Unknown Further investigation needed. 0 3 3 6 

45 Spiral Screen 3
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.

82.5% (TEFC; 1800; EE); 
likely too small to warrant 

cost to upgrade.
0 3 3 6 

46 Spiral Screen 4 Is/are the motor(s) correctly sized? Unknown Further investigation needed. 0 3 3 6 

47 Farmer Pump 7
Is/are the pump(s) correctly sized for 

normal operation?
Unknown Further investigation needed. 0 3 3 6 

48 Farmer Pump 14
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.
89.5% (TEFC, 1800, EE) 0 3 3 6 

49 Farmer Pump 15 Is/are the motor(s) correctly sized? Unknown Further investigation needed. Motor is on VFD? 0 3 3 6 

50
Sludge Thick 

Pump
7

Is/are the pump(s) correctly sized for 
normal operation?

Unknown Further investigation needed. 0 3 3 6 

51
Clarifier Main 

Flight
1

Is/are the motor(s) operated during 
peak hours?

Yes
Consider if operating the motor(s) 

during off-peak and part peak hours 
is feasible. See Fact Sheet G1.

0 2 3 5 
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52
Clarifier 

Sludge Flight
1

Is/are the motor(s) operated during 
peak hours?

Yes
Consider if operating the motor(s) 

during off-peak and part peak hours 
is feasible. See Fact Sheet G1.

0 2 3 5 

53 Spiral Screen 1
Is/are the motor(s) operated during 

peak hours?
Yes

Consider if operating the motor(s) 
during off-peak and part peak hours 

is feasible. See Fact Sheet G1.
0 2 3 5 

54 Farmer Pump 1
Is/are the pump(s) operated during 

peak hours?
Yes

Consider if operating the pump(s) 
during off-peak and part peak hours 

is feasible. See Fact Sheet G1.
But not used 0 2 3 5 

55
Sludge Thick 

Pump
1

Is/are the pump(s) operated during 
peak hours?

Yes
Consider if operating the pump(s) 

during off-peak and part peak hours 
is feasible. See Fact Sheet G1.

It runs only when sludge is 
dumped from digester.

0 2 3 5 
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Questions with Notes
The table below contains all notes that were indicated in the program.
If more than 100 notes were indicated, only the first 100 notes will appear in the table below.

1
WWT 

Checklist
3

Does the site use generators during 
peak hours?

N/A Likely not allowed

2
WWT 

Checklist
4

Is freshwater used rather than final 
effluent?

Yes

If water quality of final effluent is 
adequate, using effluent rather than 

freshwater can reduce overall 
pumping requirements.

Secondary effluent, not 
suitable.

3
WWT 

Checklist
5

Is the whole utility water system 
pressurized?

Yes

It may be possible to reduce power 
consumption by installing small 

booster pumps where necessary, 
rather than pressurizing the whole 

system.

From city, not pressurized on-
site.

4
WWT 

Checklist
8

Are the trash racks and/or bar 
screens automatically cleaned?

Yes No suggestion.
plus manual cleaning every 

couple weeks

5
WWT 

Checklist
18

Is the speed of the RBC units or 
number of units operating adjusted 

based on flow?
No

Basing the speed/number of units 
operating on the flow rate in the 

system can help optimize the system 
and reduce energy.

Initially based on DO, but 
sensors weren't working, so 
they switched to constant 

speed, adjusted seasonally.

6
WWT 

Checklist
20

Is the DO in the suspended growth 
system maintained automatically 

with sensors?
No

Maintaining the DO automatically 
via sensors and VFDs reduces 
wasted energy from excess 

aeration.

It was initially, but the 
sensors weren't working, so 
they switched to constant 

speed, adjusted seasonally.

7
WWT 

Checklist
23

Is the RAS rate in the suspended 
growth system adjusted 

automatically based on plant flow 
and biosolids settling characteristics?

No

Adjusting the RAS flow 
automatically via sensors and VFDs 
reduces wasted energy from excess 

recirculation. See Fact Sheet G5.

RAS flow is constant.

NotesSection Question 
Number

Question Answer Program Output
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8
WWT 

Checklist
51 Is aerobic digestion used? Yes

Consider switching to anaerobic 
digestion. Anaerobic digestion is less 

energy intensive (does not require 
oxygen and produces less sludge) 
and produces an energy source 
(biogas). However, anaerobic 

digestion requires heat, is a slower 
process, and is sensitive to 

variations in flow or composition.

Not ideal for small systems.

9 Lift Pumps 3
Does/could the flow vary significantly 

with time and a VFD is not used?
Yes

Consider a VFD. VFDs allow the 
pump to be adjusted based on 

actual needs (such as flow rate).  
See Fact Sheet M2.

Right now, turns on and off 
based on WL. This means no 

flow into plant at times.

10 Lift Pumps 4
Have pump efficiency tests been 

performed?
No

Consider performing pump tests. 
See Fact Sheet P5.

There has been noticeable 
decline in the performance 

of the pumps. PUD is in 
process of 

repairing/replacing the 
pumps.

11 Lift Pumps 6
Are pumps sequenced based on 
relative efficiency (kWh or $ per 

million gallons)?
N/A

Supposed to be identical 
(have worn out and are 

currently being 
repaired/replaced one-by-

one)

12 Lift Pumps 15 Is/are the motor(s) correctly sized? Yes No suggestion.
(600 GPM * 30 ft / 3960 = 
4.5 HP) Motor is slightly 

oversized.

13 Lift Pumps 18
Do the starts per hour exceed the 

appropriate value in the chart below?
Unknown Further investigation needed.

10 HP 1800 RPM; max 10 
starts per hour 
recommended

14 Spiral Screen 3
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.

82.5% (TEFC; 1800; EE); 
likely too small to warrant 

cost to upgrade.
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15 STM-Aerotors 2 Is a VFD used? Yes No suggestion.
Only used to change speed 

seasonally, manually.

16 STM-Aerotors 3

Is the speed (or height of the 
mechanical aerator) automatically 

adjusted based on inflow, DO level, or 
other pertinent measurement?

No

Consider installing sensors and 
controls to automatically adjust 

speed or height. Manually adjusting 
equipment to meet flow and 

wastewater strength often leads to 
over-aeration or over-mixing, which 

wastes energy. Automatic 
measurement and adjustment 
ensures optimum mixing and 
aeration. See Fact Sheet B3.

Set up to adjust 
automatically based on DO, 
but sensors and unit didn't 

work together so they 
manually adjust the speed 

seasonally.

17 STM-Aerotors 4
Is/are the motor(s) premium 

efficiency?
Unknown Further investigation needed. Unknown (TEFC; 1200)

18 STM-Aerotors 8
Do the starts per hour exceed the 

appropriate value in the chart below?
No No suggestion. Constantly on.

19
Clarifier Main 

Flight
3

Is/are the motor(s) premium 
efficiency?

N/A
<1 HP - 82.5% (TEFC, 1800, 

EE?)

20
Clarifier Main 

Flight
6

Do the starts per hour exceed the 
appropriate value in the chart below?

No No suggestion. Always on

21
Clarifier 

Sludge Flight
3

Is/are the motor(s) premium 
efficiency?

N/A
<1 HP - 82.5% (TEFC, 1800, 

EE)

22
WAS RAS 

Pumps
18

Do the starts per hour exceed the 
appropriate value in the chart below?

No No suggestion. Always on.

23
Digester 
Blowers

13
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.
92.4% (TEFC; 1800; EE)

24
Digester 
Blowers

17
Do the starts per hour exceed the 

appropriate value in the chart below?
No No suggestion. Always on
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25 Farmer Pump 1
Is/are the pump(s) operated during 

peak hours?
Yes

Consider if operating the pump(s) 
during off-peak and part peak hours 

is feasible. See Fact Sheet G1.
But not used

26 Farmer Pump 4
Have pump efficiency tests been 

performed?
Unknown Further investigation needed. Installed in 2009

27 Farmer Pump 14
Is/are the motor(s) premium 

efficiency?
No

Consider replacing motors with 
premium efficiency motors. See 

Fact Sheet M1.
89.5% (TEFC, 1800, EE)

28 Farmer Pump 15 Is/are the motor(s) correctly sized? Unknown Further investigation needed. Motor is on VFD?

29 Farmer Pump 18
Do the starts per hour exceed the 

appropriate value in the chart below?
No No suggestion. Not currently used.

30
Sludge Thick 

Pump
1

Is/are the pump(s) operated during 
peak hours?

Yes
Consider if operating the pump(s) 

during off-peak and part peak hours 
is feasible. See Fact Sheet G1.

It runs only when sludge is 
dumped from digester.

31
Sludge Thick 

Pump
8

Is most of the pump's discharge head 
used to overcome friction losses or 

elevation lift?
N/A Chemical pump

32
Sludge Thick 

Pump
15 Is/are the motor(s) correctly sized? N/A Single unit
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 Inputs: Motor Upgrade Calculator - WWTP Digester Blower Motor

Nameplate Horsepower 30 hp Number of Units 2
Motor Speed 1800 RPM Annual Operating Hours (Each) 8760
Enclosure Type TEFC Cost of Electricity 0.11 $/kWh
Nameplate Nominal Efficiency (if given) 92.4 %
Standard Efficiency 89.56 %

(used if no Nameplate Efficiency given)
Optional:

Cost to rewind motor: $ Cost of energy efficient motor: $
Cost of standard motor: $ Cost of premium motor: $

Cost to install motor: $

 Outputs: Motor Upgrade Calculator - WWTP Digester Blower Motor

Energy and Cost Savings - Per Pump

Efficiency %
Annual Energy Use kWh/yr
Annual Energy Cost $/yr
Annual Energy Savings kWh/yr
Annual Cost Savings $/yr

212,174

Energy Efficient Motor

0
0

Premium Motor

209,454
92.4 93.6

22,621
2,720
294

22,915
-6,728
-727

Current Motor

212,174
22,915

Standard Motor

218,902
23,641

92.4 89.6
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208,000
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Current Motor Standard Motor Energy Efficient Motor Premium Motor
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$23,400
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Recycling Sector – Conclusions 
• The pump to the farmer’s field is included in the analysis of the wastewater treatment plant. 

The pump is not currently used. 
• If the field pump is used in the future, the PUD should consider if the pump could be operated 

during off-peak hours only. 
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Recycling Sector – Inventory List 

 

Walk-through Inventory List:
Recycling

(a) (b) (c.) (d) (h) (i)
(f) * (g)

(j)
(h) * (i)

(k)

Location / 
Name

Equipment 
Type

Quantity Controls
Estimate of 
Power Cost 
($/kW-hr)

Estimate of 
kW-hr/yr

Estimate of 
yearly cost 

($)

Device 
Score*

1 Farmer Pump included in WWTP Sector

2

3

4

5

6

7

8

9

10

*The Device Score (k) is a sector-specific score, indicative of the energy use by each device/set of devices. A higher score indicates higher energy 
use, and therefore more energy-saving potential.

$0
Average Daily Energy Use: 0 kW-hr

(e) (f) (g)

HP/kW per 
unit

Typical Total 
HP/kW

Estimate of total 
hours/yr (or %)

Total Yearly Expense:
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Recycling Sector – Output: Triggered Questions 

 
 

Recycling Sector – Output: Notes 

 

Triggered Questions
The following table is sorted by score (right column). Scores are relative, estimated values meant to help prioritize recommendations; higher scoring recommendations should be explored first.
A score of zero indicates no recommendation is given; the question is included for reference.
If more than 100 recommendations were generated, only the top 100 will appear in the table below.

Device
Ease of 

Implement-
ation

Savings 
Potential Total

1
Recycling 
Checklist

1
Is recycled water pumped during peak 

hours?
Yes

Consider storage or encouraging 
users to use water off-peak, 

allowing recycle system to operate 
off-peak. See Fact Sheet G1.

But not currently used. - 2 3 5 

Program OutputSection
Question 
Number

Question Answer Energy 
Savings

Water 
Savings

Water 
Quality

Score

Notes

Questions with Notes
The table below contains all notes that were indicated in the program.
If more than 100 notes were indicated, only the first 100 notes will appear in the table below.

1
Recycling 
Checklist

1
Is recycled water pumped during peak 

hours?
Yes

Consider storage or encouraging 
users to use water off-peak, 

allowing recycle system to operate 
off-peak. See Fact Sheet G1.

But not currently used.

NotesSection Question 
Number

Question Answer Program Output





Fact Sheet Description

B1 Replacing Old Blowers
B2 Fine Bubble Diffusers
B3 Automatic Aeration Control
B4 MOV Logic
B5 Variable Output Blowers
B6 Incorrectly Sized Blowers

D1 Maintenance Flushing
D2 Leaks

E1 End Use: Residential Measures
E2 End Use: CII Measures
E3 End Use: Recreational Measures

G1 Minimize On-Peak Operation
G2 Hydropower
G3 Filter Backwashing
G4 Demand Control
G5 Automatic Control and Monitoring
G6 Ultraviolet Disinfection
G7 Ozone
G8 Generators
G9 Treatment Water Recycling

M1 Premium Efficiency Motors
M2 VFDs on Motors
M3 Correctly Sized Motors
M4 Hydraulic and Pneumatic Drives

PW1 Air Stripper Air-to-Water Optimization

P1 Incorrectly Sized Pumps
P2 Pump Optimization
P3 Pump Losses
P4 Head Loss Control
P5 Pump Efficiency Tests

Q1 Potable Water Treatment Options
Q2 Potable Water Non-Treatment Options
Q3 Partial Abandonment of a Well

WW1 Cogeneration
WW2 Recycled Water

W1 Shaft Lubrication

Pumps

Water Quality

Wastewater

Wells

Blowers

Distribution

End Use

General

Motors

Potable Water Treatment
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FAC T SHE E T 
REPLACING OLD BLOWERS 

 

Overview 

Older blowers and compressors typically do not have the turndown capabilities or efficiencies of newer blowers. Multi‐
stage centrifugal blowers are typically used in older plants and can only be turned down to 60‐70% of full capacity, with 
a  significant  efficiency  loss.  Single‐stage  centrifugal  blowers maintain  their  efficiency  during  turndown,  and  can  be 
adjusted down to around 40% of capacity. Single‐stage blowers can be adjusted with either (1) variable inlet vanes and 
outlet diffusers or (2) variable frequency drives (VFDs); VFDs are more efficient.  
 
Single‐stage  centrifugal  blowers  are  5‐25% more  efficient  than  positive  displacement  blowers,  and  5  to  10% more 
efficient than multi‐stage centrifugal blowers. 
 

Application 
Blowers  are  used  in  many  aspects  of  water  and 
wastewater  treatment.  Primarily,  blowers  are  used  in 
aeration  basins  at  wastewater  treatment  plants. 
Blowers can also be used in grit chambers, dissolved‐air 
floatation chambers, and filter backwashing. 
 

Considerations 
Single  stage  blowers  can  be  noisier  than  multistage 
blowers. 
 
The  initial  cost  of  single  stage  blowers  can  be  three 
times  that  of multi‐stage  blowers,  and  four  times  the 
capital  cost of positive displacement blowers.  The  city 
of Oneida  in New York   (2.5 MGD WWTP) performed a 
life cycle analysis on the different types of blowers and 
found  that  the  energy  cost  savings  associated  with 
single‐stage centrifugal blowers created  the  lowest net 
present value assuming a 10 year life.[107] 
 

Costs 
Single‐stage  centrifugal blowers are nearly  three  times 
the  cost  of  multi‐stage  centrifugal  blowers  and  four 

times the cost of positive displacement blowers  [107, 21]. 
However,  the  higher  efficiency  can  allow  for  a  simple 
payback of 2‐4 years [21].  
 

Additional Benefits 
New  high‐speed  turbo  blowers  require  lower 
maintenance than other types of blowers. 
 

Resources 
21 California Sustainability Alliance. 2013. Measures: 
Aeration System Improvement. Available online at: 
http://sustainca.org/programs/water_energy/measur
es/aeration_system_improvement 

 

57 Loera, J. 2012. Math and Maintenance for Pumps and 
Blowers: Overview of Blower Technologies and 
Comparison of High‐Speed Turbo Blowers. 

 

107 U.S. Environmental Protection Agency (EPA). 2010. 
Publication EPA 832‐R‐10‐005. Evaluation of Energy 
Conservation Measures for Wastewater Treatment 
Facilities. 
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FAC T SHE E T 
FINE BUBBLE DIFFUSERS 

 

Overview 

Aeration systems account for a majority (30 to 80%  [80]) of the energy consumed  in wastewater treatment plants. Fine 
bubble (pore) diffusers can be used in aeration systems. They can be used in a new installation or as part of a retrofit. 
Fine bubble diffusers systems use an average of 38%  less energy compared to coarse bubble diffuser systems, and an 
average of 44% less energy than mechanical aeration systems [21]. 
 

Application 
Fine  bubble  diffusers  can  be  used  in  any  system 
requiring  aeration.  If  converting  from  mechanical 
aeration, a blower would also be required. 
 

Considerations 
Diffuser fouling is more likely with fine bubble diffusers 
than  coarse  bubble  diffusers.  The  system  must  have 
routine maintenance to ensure it is operating properly. 
 
Fine bubble diffusers can be combined with DO sensors, 
automatic  control,  and  a  variable  output  blower  for  a 
fully‐automated, optimized aeration system. 

Fine bubble aeration may not be cost‐effective  for  the 
following  situations;  an  in‐depth  review  should  be 
performed: 
 

 The system operates at a solids concentration 
of 2.5% or higher 

 Short solids retention time (SRT), carbonaceous, 
or high‐rate activated sludge systems where 
there is a low aeration transfer efficiency due to 
the presence of surfactants 

 Shallow aeration basin applications 
 

The  following  table  is  adapted  from  “Energy 
Consumption and Typical Performance of Various Types 
of Aeration Equipment”  [44]  and  shows efficiencies of 
common aeration systems.  

 

Aeration System  Use or Application  Oxygen Transfer 
Efficiency (lb O2/hp‐hr) 

Submerged Diffused Aeration Systems

Coarse‐bubble (nonporous) system 
All types of activated‐sludge processes, channel and grit chamber 

aeration and aerobic digestions 
2.0 to 3.0 

Fine‐bubble 
(fine pore) 
system 

Disk/Dome  All types of activated‐sludge processes  5 to 7 

Membrane  All types of activated‐sludge processes  Up to 12 

Flexible Membrane Disk/Tube Grid  All types of activated‐sludge processes 4 to 7

Surface Mechanical Aeration System
Rotors (brush aerators)  Oxidation ditch, channel aeration, and aerated lagoons  2.5 to 3.5

Low speed turbine aerator 
Conventional activated‐sludge processes, aerated lagoons, and 

aerobic digestion 
3.0 to 3.5 

High speed floating aerator  Aerated lagoons and aerobic digestion 2.5 to 3.5

Induced surface aeration  Aerated lagoons 1.0 to 1.5
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Costs 
The  payback  on  a  new  system  is  typically  less  than  a 
year.  The  payback  on  a  retrofit  depends  on  the 
inefficiencies of the existing system.   
 

Additional Benefits 
Fine  bubble  diffusers  can  improve  biosolids 
management,  reduce  polymer  use,  improve 
clarification, and  improve overall effluent quality. They 
also  can  contribute  to better  ammonia  reduction,  less 
sludge production,  increased plant capacity, and  lower 
tank maintenance costs. 
 
 
 
 
 
 

Resources 
21 California Sustainability Alliance. 2013. Measures: 
Aeration System Improvement.  

 
44 Environmental Dynamics Inc. 2003. Technical Bulletin 
127. Energy Consumption and Typical Performance of 
Various Types of Aeration Equipment. 

 

80 Pakenas, L.J. for New York State Energy Research and 
Development Authority (NYSERDA). 1995. Energy 
Efficiency in Municipal Wastewater Treatment Plants: 
Technology Assessment.  

 
87 Science Applications International Corporation (SAIC) 
for Focus on Energy. 2006. Water & Wastewater 
Industry Energy Best Practice Guidebook: Technical 
Best Practice Wastewater 11: Fine‐Bubble Aeration & 
12: Aerobic Digestion Options.  
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Developed by:  Small Community Water Systems 

 

2015 P a g e  | 1  

FAC T SHE E T 
AUTOMATIC AERATION CONTROL 

 

Overview 

Mechanical aerators and blowers/compressors  can be automated based on  the dissolved oxygen  (DO)  level or other 
measureable value in the water being treated. For mixers and mechanical aerators, the speed of the device (or height of 
a mechanical aerator) should be automatically adjusted based on the inflow or DO level; for blowers (compressors), the 
airflow  should  be  adjusted  based  on  the  inflow  or DO  level. With manual  control  of  the DO  level,  aerated  systems 
typically end up over‐aerated  to ensure  limits are met. Automation allows a system  to more closely meet guidelines, 
saving considerable energy in some systems. 
 

Application 
Automation can be applied to any aeration system that 
needs to maintain a set DO level (or other parameter). 
 

Considerations 
The  DO  probes  need  to  be  installed  in  the  correct 
locations.  They  should  be  placed  in  locations 
representative of  the  aerated  region  (not  too  close or 
too far from aerators). 
 

Costs 
Payback  from  improving monitoring and controls using 
DO control is typically 2 to 3 years [87]. See the following 
page  for  case  studies  related  to  automated  aeration 
control.  
 
 
 

Additional Benefits 
Automated  control  can  reduce  labor  requirements  in 
addition to power consumption. 
 

Resources 
87 Science Applications International Corporation (SAIC) 
for Focus on Energy. 2006. Water & Wastewater 
Industry Energy Best Practice Guidebook: Technical 
Best Practice Water Supply 1: Automate to Monitor 
and Control, Wastewater 10: Optimize Aeration 
System, Wastewater 15: Variable Blower Air flow 
Rate: Aerobic, & Wastewater 16: dissolved Oxygen 
Control: Aerobic.  

 

107 U.S. Environmental Protection Agency (EPA). 2010. 
Evaluation of Energy Conservation Measures for 
Wastewater Treatment Facilities, Section 4.3: 
Control of the Aeration Process. 

 
 
 

B3



D
ev

el
op

ed
 b

y:
 

 
S

m
al

l C
om

m
un

it
y 

W
at

er
 S

ys
te

m
s 

 

 
 20

15
 

P
a

g
e

 | 
2 

 

C
A

S
E

 S
TU

D
IE

S
 

A
U

TO
M

A
TI

C
 A

ER
A

TI
O

N
 C

O
N

TR
O

L 
 

Te
ch
no

lo
gi
es
 

Ar
ea

 

En
er
gy
 S
av
in
gs
 

(o
f p

ro
ce
ss
, 

un
le
ss
 

in
di
ca
te
d)
 

Si
m
pl
e 

pa
yb
ac
k 

(y
ea
rs
) 

N
am

e 
Lo
ca
tio

n 
Pl
an

t C
ap

ac
ity

 
(M

G
D
)*
 

Av
er
ag
e 
D
ai
ly
 

Fl
ow

 (M
G
D
) 

So
ur
ce
 

Im
pl
em

en
te
d*

* 

P
E 
m
o
to
rs
, 

au
to
m
at
ed

 D
O
 

co
n
tr
o
l 

M
ec
h
an
ic
al
 

A
er
at
io
n
 

 
1
.4
 

La
n
ge
Tw

in
s 
W
in
e
ry
 

A
ca
m
p
o
, C
A
 

 
 

7
 

R
 

V
FD

, D
O
 c
o
n
tr
o
l 

B
lo
w
er
 

2
.3
 

C
al
if
o
rn
ia
 

8
1
 

R
 

V
FD

, D
O
 c
o
n
tr
o
l 

M
ec
h
an
ic
al
 

A
er
at
o
r 

 
5
 

 
C
al
if
o
rn
ia
 

 
 

8
1
 

R
 

V
FD

s 
o
n
 b
lo
w
er
s 
an
d
 

p
u
m
p
s,
 D
O
 p
ro
b
es
 

an
d
 c
o
n
tr
o
l 

B
lo
w
er
 

$
2
0
,0
0
0
/y
r 

 
W
W
TP

 
P
ac
if
ic
a,
 C
A
 

 
 

1
0
 

I 

A
u
to
 V
FD

 c
o
n
tr
o
l o
f 

ro
to
rs
 w
it
h
 D
O
 p
ro
b
e
 

M
ec
h
an
ic
al
 

A
er
at
io
n
 

1
3
%
 

1
.5
 

W
W
TP

 N
o
. 1

 
B
ar
tl
et
t,
 T
N
 

2
.2
 

1
 

1
0
7
/1
1
5
 

I 

M
e
ch
an
ic
al
 a
er
at
io
n
 

u
p
gr
ad
e,
 a
u
to
m
at
ed

 
D
O
 c
o
n
tr
o
l, 

au
to
m
at
ed

 
n
it
ri
fi
ca
ti
o
n
 c
o
n
tr
o
l 

M
ec
h
an
ic
al
 

A
er
at
o
r 

1
1
%
 o
f 
p
la
n
t 

en
er
gy
 

1
3
5
 1
 

B
ig
 G
u
lc
h
 W

W
TP

 
M
u
ki
lt
e
o
, W

A
 

2
.6
 

1
.5
 

1
0
7
/1
1
5
 

I 

D
O
 p
ro
b
es
, V

FD
 o
n
 

b
lo
w
er
s 

B
lo
w
er
 

2
4
%
 

 
W
W
TP

 
C
o
lu
m
b
ia
, T
N
 

7
 

 
1
0
 

I 

A
u
to
m
at
ed

 D
O
 

se
n
so
r 
sy
st
em

, s
o
la
r 

p
o
w
er
ed

 m
ix
er
s 

M
ec
h
an
ic
al
 

A
er
at
io
n
 

$
8
0
,0
0
0
/y
ea
r 

 

D
is
co
ve
ry
 B
ay
 

C
o
m
m
u
n
it
y 
Se
rv
ic
e
 

D
is
tr
ic
t 
W
W
TP

 

D
is
co
ve
ry
 B
ay
, 

C
A
 

1
1
.5
 

1
.6
 

5
6
 

I 

B
lo
w
er
 u
p
gr
ad
e,
 D
O
 

co
n
tr
o
l, 
SC
A
D
A
 

B
lo
w
er
 

3
0
%
 (
6
.2
%
 o
f 

p
la
n
t 
en

er
gy
) 

1
4
 

Sh
eb

o
yg
an

 R
e
gi
o
n
al
 

W
W
TP

 
Sh
eb

o
yg
an
, M

I 
1
8
.4
 

1
1
.8
 

1
0
7
/1
1
5
 

I 

Fi
n
e 
b
u
b
b
le
 d
if
fu
se
rs
 

an
d
 D
O
 c
o
n
tr
o
l 

B
lo
w
er
 

2
1
%
 (
1
2
,0
0
0
 

kW
h
/d
ay
) 

 

D
u
rh
am

 A
d
va
n
ce
d
 

W
as
te
w
at
er
 T
re
at
m
en

t 
Fa
ci
lit
y 

D
u
rh
am

, O
R
 

2
0
 

 
1
0
 

I 

B3



D
ev

el
op

ed
 b

y:
 

 
S

m
al

l C
om

m
un

it
y 

W
at

er
 S

ys
te

m
s 

 

 
 20

15
 

P
a

g
e

 | 
3 

 

Te
ch
no

lo
gi
es
 

Ar
ea

 

En
er
gy
 S
av
in
gs
 

(o
f p

ro
ce
ss
, 

un
le
ss
 

in
di
ca
te
d)
 

Si
m
pl
e 

pa
yb
ac
k 

(y
ea
rs
) 

N
am

e 
Lo
ca
tio

n 
Pl
an

t C
ap

ac
ity

 
(M

G
D
)*
 

Av
er
ag
e 
D
ai
ly
 

Fl
ow

 (M
G
D
) 

So
ur
ce
 

Im
pl
em

en
te
d*

* 

D
O
 p
ro
b
es
, c
o
n
tr
o
l 

A
er
at
io
n
 

3
4
%
 

 

W
as
h
in
gt
o
n
 S
u
b
u
rb
an

 
Sa
n
it
ar
y 
C
o
m
m
is
si
o
n
 

A
d
va
n
ce
d
 W

W
TP

 
P
is
ca
ta
w
ay
, M

D
 

3
0
 

 
1
0
 

I 

In
st
al
le
d
 D
O
 p
ro
b
e,
 

u
p
d
at
ed

 c
o
n
tr
o
l 

A
er
at
io
n
 

2
0
%
 

2
.5
 

O
xn
ar
d
 W

W
TP

 
O
xn
ar
d
, C
A
 

3
2
 

2
2
 

1
0
7
 

I 

D
O
 c
o
n
tr
o
ls
 

C
o
m
p
re
ss
o
r 

 
4
6
 

A
lb
an
y 
C
o
u
n
ty
 S
e
w
e
r 

D
is
tr
ic
t 
N
o
rt
h
 P
la
n
t 

M
en

an
d
s,
 N
Y 

3
5
 

2
3
 

6
0
/6
4
 

R
 

D
if
fu
se
r 
u
p
gr
ad
e,
 D
O
 

p
ro
b
es
, a
u
to
m
at
ed

 
D
O
 c
o
n
tr
o
l 

B
lo
w
er
 

3
3
%
 o
f 
p
la
n
t 

en
er
gy
 

2
.4
 

W
ac
o
 M

et
ro
p
o
lit
an

 A
re
a 

R
e
gi
o
n
 S
ew

er
 S
ys
te
m
 

W
W
TP

 
W
ac
o
, T
X
 

3
8
 

2
3
 

1
0
7
/1
1
5
 

I 

V
FD

, a
u
to
m
at
ic
 D
O
 

co
n
tr
o
l 

A
er
at
io
n
 

2
5
%
 

3
.3
 

G
re
at
er
 L
aw

re
n
ce
 

Sa
n
it
ar
y 
D
is
tr
ic
t 

N
. A

n
d
o
ve
r,
 M

A
 

 
3
0
 

1
0
 

I 

Fi
n
e 
b
u
b
b
le
 d
if
fu
se
rs
, 

D
O
 p
ro
b
es
, 

au
to
m
at
ed

 a
er
at
io
n
, 

lo
ad

 m
an
ag
em

en
t 

B
lo
w
er
 

$
6
0
0
,0
0
0
/y
ea
r 

 
En
ci
n
a 
W
as
te
w
at
er
 

A
u
th
o
ri
ty
 

C
ar
ls
b
ad
, C
A
 

4
3
 

2
6
 

5
6
 

I 

A
u
to
m
at
ic
 D
O
 

co
n
tr
o
l, 
M
O
V
 lo
gi
c 

B
lo
w
er
 

1
2
%
 

1
.5
 

B
u
ck
lin

 P
o
in
t 
W
W
TP

 
Ea
st
 P
ro
vi
d
e
n
ce
, 

R
I 

4
6
 (
1
1
6
) 

2
4
 

1
0
7
 

I 

D
O
 c
o
n
tr
o
l 

A
er
at
io
n
 

3
‐2
0
%
 

0
‐5
 

1
0
 

G
 

A
u
to
m
at
ic
 D
O
 c
o
n
tr
o
l 

A
er
at
io
n
 

2
5
‐4
0
%
, u
p
 t
o
 

5
0
%
 

 
 

 
 

 
2
7
 

G
 

Im
p
ro
ve
d
 m

o
n
it
o
ri
n
g 

an
d
 c
o
n
tr
o
l u
si
n
g 
D
O
 

co
n
tr
o
l 

A
er
at
io
n
 

2
0
‐5
0
%
 

2
‐3
 

 
 

 
 

5
5
 

G
 

  *V
al
u
es
 in

 p
ar
en

th
es
es
 in
d
ic
at
ed

 s
to
rm

 f
lo
w
s 
(r
et
en

ti
o
n
 b
as
in
s 
an
d
/o
r 
re
d
u
ce
d
 t
re
at
m
en

t)
 

**
I =
 Im

p
le
m
en

te
d
, R

 =
 R
ec
o
m
m
en

d
ed

, G
 =
 G
en

er
al
 V
al
u
e 

P
E 
= 
p
re
m
iu
m
 e
ff
ic
ie
n
cy
; V

FD
 =
 v
ar
ia
b
le
 f
re
q
u
en

cy
 d
ri
ve
; D

O
 =
 d
is
so
lv
ed

 o
xy
ge
n
; M

O
V
 =
 m

o
st
‐o
p
en

 v
al
ve
; S
C
A
D
A
 =
 s
u
p
er
vi
so
ry
 c
o
n
tr
o
l a
n
d
 d
at
a 
ac
q
u
is
it
io
n
; W

W
TP

 =
 

W
as
te
w
at
er
 T
re
at
m
en

t 
P
la
n
t 

 

B3





Developed by:  Small Community Water Systems 

 
 

2015 P a g e  | 1 

FAC T SHE E T 
MOST-OPEN-VALVE CONTROL LOGIC 

 

Overview 

Most‐open‐valve  (MOV)  control  logic  is used  in  aeration  systems with more  than one outlet  (i.e. multiple bays)  and 
ensures at  least one outlet valve  is fully open, minimizing system pressure. This allows for simplified, robust and more 
accurate control of the aeration system.  The goal of MOV logic is to avoid excess throttling downstream of the blower 
leading to wasted energy.  
 
The conceptual schematic below shows the control of discharge valves downstream of a single blower for two separate 
aeration chambers.   A VFD  is being used  to control  the air  flow demand.   MOV  logic ensures  that at  least one of  the 

outlet valves ( ) is fully open at all times. If the air requirements to the basin with an open valve decrease, rather than 
close down the outlet valve, the VFD will adjust the motor speed to maintain the aeration requirements in the basins. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Application 
MOV control is applicable for new or upgrading aeration 
systems. Converting  to MOV may not be cost effective 
for existing aeration control systems. 
 

Resources 
107 US EPA. 2010. Evaluation of Energy Conservation 

Measures for Wastewater Treatment Facilities: 
4.3.1.2 Advances in DO Control Strategies – Most 
Open Valve (MOV) Control. 

 

 

VFD 

sensor 

sensor 

Blower 
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FACT SHE E T 
BLOWER FLOW VARIATIONS 

 

Overview 

There are many methods available to vary the output  (flow rate) of a blower,  fan, or compressor. The most common 
methods are inlet guide vanes, outlet dampers, inlet throttling valves, and variable frequency drives. Each has a different 
initial cost, mode of operation, and efficiencies at different turndowns (% of maximum airflow).   
 
Blower guide vanes can be used  to achieve variable air  flow demands on single stage centrifugal blowers.   The guide 
vanes are  installed on the  inlet to the blower, and extend out  into the air stream causing the air flow path to become 
swirled.   The swirling of the air flow changes the angle of the air stream entering the blower blades, which causes the 
energy load, air flow, and pressure to decrease.  Guide Vanes are energy efficient for air flows 80% to 100% of the full air 
flow.  The efficiency of the blower drops drastically when guide vanes reduce the air flow below 80%. 
 
Dampers can also be installed to vary the air flow from a single stage centrifugal blower.  Dampers are typically located 
at the outlet of a blower, causing a reduction in the air flow demand by increasing the upstream air pressure.  Although 
dampers are  inexpensive and easy to  install, they provide a  limited amount of air flow adjustment and are not energy 
efficient.   Since dampers adjust  the  system curve away  from  the best efficiency point on  the blower curve,  they can 
cause  higher  operating  and maintenance  costs.    Dampers  should  only  be  considered when minor,  infrequent  flow 
changes are required.   
 
Inlet (butterfly) valves can be installed on multi‐stage centrifugal blowers. When throttled, the valve creates a pressure 
drop, which shifts the blower curve and reduces power consumption. Throttling does not save as much energy as VFDs. 
 
Variable  frequency drives  (VFD)  should be  installed  into a blower  system when  frequent and highly variable air  flow 
demand  is  required.    A  VFD  adjusts  the  speed  of  the  blower motor  to  efficiently  achieve  a wide  range  of  air  flow 
demands.  If large air flow variations are required, a variable speed drive (VFD) should be installed with the blower.  If air 
flow variations are not required on a regular basis, a VFD may not be the optimal option because of its high initial cost. 
 

Application 
If air flow variation is required in a blower system, some 
sort of flow control device must be used. 
 
 
 
 
 

Considerations and Costs 
The  following  table  lists  the  relative cost and ability  to 
vary  the  flow  efficiently  for  different  devices.  The 
applicable blower  types  for each device are  shown on 
the  right. The  type of air  flow  control most applicable 
for  blower  systems  is  based  on  the  range  of  air  flow 
variation and time duration of the variable air flow. 
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Device  Cost 
Ability to Vary Flow 
Efficiently (Range of 

Flows) 

Applicable Blower Type 
Positive 

Displacement 
Multistage 
Centrifugal 

Single Stage 
Centrifugal 

Inlet Guide Vane  Medium  Moderate      ✓ 

Damper  Low  Small      ✓ 

VFD  High  Large  ✓  ✓  ✓ 

Inlet (Butterfly) Valve  Low  Small    ✓   

 
A  life cycle cost evaluation should be considered when 
deciding which air flow control system  is the most cost 
effective  for  a  site  specific project.     The  figure below 
shows  the  power  requirement  versus  air  flow  volume 
comparing  the use of  inlet guide vanes, outlet damper 
vanes, as well as a VFD (speed control).   
 

 
Relative Power Consumption for Flow Control Options [99] 

 
Guide vanes can save 10‐20% of the process power and 
have a typical payback of 2‐5 years [10]. 

 

Resources 
10 Burton, F. and EPRI Community Environmental Center 
for Electric Power Research Institute (EPRI). 1996. 
Report CR‐106941. Water and Wastewater Industries: 
Characteristics and Energy Management 
Opportunities.  

 
87 Science Applications International Corporation (SAIC) 
for Focus on Energy. 2006. Water & Wastewater 
Industry Energy Best Practice Guidebook: Technical 
Best Practice Wastewater 1: Variable Frequency Drive 
Applications, Wastewater 15: Variable Blower Air flow 
Rate: Aerobic, & General Facility 8: Variable Speed 
Technologies.  

 
99 US Department of Energy (US DOE), Energy Efficiency 
and Renewable Energy (EERE), 2003. Improving Fan 
System Performance – a Sourcebook for Industry.  

 
107 U.S. Environmental Protection Agency (EPA). 2010. 

EPA 832‐R‐10‐005. Evaluation of Energy 
Conservation Measures for Wastewater Treatment 
Facilities. 

 
110 Water Environment Federation (WEF). 2010. Manual 

of Practice No. 32: Energy Conservation in Water and 
Wastewater Treatment Facilities – Chapter 9: 
Blowers. 
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FAC T SHE E T 
INCORRECTLY SIZED BLOWERS 

 

Overview 

Often in water and wastewater system designs, the blowers are oversized either (1) because the current conditions are 
not  known or  (2)  in  anticipation of  future  conditions.  This  can  lead  to  throttling or bypassing of  flows  to  achieve  a 
desired flow rate or over‐aeration. For centrifugal blowers, trimming or replacing impellers can be more efficient.  
 

 
 
For positive displacement blowers, the sheaves can be changed to adjust the flow rate and conserve energy. 
 

Application 
Properly  sized  impellers  can  use  less  energy  than 
improperly sized impellers with throttling valves, bypass 
valves, or excess aeration. 
 
Indications of  a  situation where  trimming or  replacing 
an impeller may be applicable include: 

 A bypass valve is used during normal operation 

 A  throttling  valve  is  used  during  normal 
operation 

 The  blower  provides  more  aeration  than  is 
required for the system 

 The  blower  does  not  operate  at  the  design 
point during normal operation 

 
 

Considerations 
Only centrifugal blower  impellers can be  trimmed. The 
sheaves  on  positive  displacement  blowers  can  be 
changed to adjust the flow rate. 
 
Impellers can usually only be trimmed to about 75% of 
the shaft diameter without significant efficiency loss.  
 
Impellers  can  also  be  replaced.  In  some  instances,  it 
may be desirable to replace the impeller with a smaller 
one,  and  retain  the  old  impeller  for  future  situations. 
Impellers can also be replaced to increase the capacity. 
 
It may be desirable  to  retain  the  current  impeller  and 
install  a  VFD.  Cost  analysis  of  this  option  should  be 

H
ea
d

Flow Rate

Trimmed impeller's 
blower curve

Original impeller's 
blower curve

System 
curve

Original 
operating point

New operating 
point
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compared  to  trimming/replacing  the  current  impeller 
and installing a VFD. 
 
For positive displacement pumps, before adjustment, it 
should be confirmed that the motor can accommodate 
the new flow rate. 
 

Additional Benefits 
Trimmed  impellers can be replaced  in  the  future  if  the 
required flow rate increases. 
 
Unlike  VFDs,  trimmed  impellers  do  not  add  any 
additional electronic equipment to the pump set‐up. 

 

Resources 
110 Water Environment Foundation (WEF) Energy 

Conservation in Water and Wastewater Treatment 
Facilities Task Force. 2010. Manual of Practice No. 
32: Energy Conservation in Water and Wastewater 
Treatment Facilities – Chapter 9: Blowers. 

 
99 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE), 2003. Improving Fan 
System Performance – a Sourcebook for Industry. 
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FAC T SHE E T 
MAINTENANCE FLUSHING 

 

Overview 
Hydrant flushing in a public water system is necessary maintenance. Flushing helps maintain water quality by flushing 
the lines and ensures fire hydrants have adequate flow and pressure. However, the water used during flushing should be 
made available for secondary uses. Secondary uses include: 

• Filling up fire trucks and/or highway tankers 
• If needed, flushing local sewer connection lines 
• Cleaning street surfaces 
• Providing the water to local landscape contractors (possibly selling) 
• Providing the water to local farmers for livestock use or irrigating crops (possibly selling) 
• In extreme situations, the water could be trucked back to the water treatment plant 

 

Considerations 
A flushing water reuse program improves public 
relations and aids in participation in consumer 
conservation efforts (consumers are more likely to 
conserve water if they believe the utility is doing the 
same). 

Resources 
138Satterfield, Z. (2011) Water Efficiency and 

Conservation. Tech Brief. National Environmental 
Services Center; vol. 11 issue 1. 
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FAC T SHE E T 
SYSTEM LEAK DETECTION AND MANAGEMENT 

 

Overview 
Leak detection is a necessary component to the management of a water distribution system. Water lost to leaks is 
unmetered and nonrevenue water; accurate determination of the location of leaking pipes are subsequent repair 
conserves water, energy, and money.  
 

Considerations 
Water audits and metering are valuable components to 
leak detection. They help locate and quantify leaks. Free 
software for performing a water audit is available 
through the American Water Works Association 
(AWWA). 
 

Usually, large leaks are not the largest contributors to 
the volume of water lost; large leaks are usually 
detected and repaired quickly. Small leaks can lead to 
large quantities of lost water over time. 
 

Leak detection programs can target locations with the 
greatest likelihood of leaks first. This includes locations 
where: 
• There is a history of leaks and breaks 
• Leaks would cause significant property damage 
• The pressure in the system is high 
• The system is exposed to electric current and/or 

traffic vibrations 
• There are stream crossings 
• Loads on the pipe exceed the design loads 

 

There are a variety of methods for detecting water 
distribution system leaks. Resource [144] provides an 
overview of the different methods. 
 

Additional Benefits 
There are a variety of additional benefits related to a 
leak detection and management program, including: 
• Leaks can damage nearby roads, infrastructure, 

and buildings. Managing leaks reduces the 
potential for legal liability. 

• A leak detection and repair program improves 
public relations and aids in participation in 
consumer conservation efforts (consumers are 
more likely to conserve water if they believe the 
utility is doing the same). 

• A leak detection program will increase the 
district’s knowledge of its distribution system, 
allowing it to respond more quickly to 
emergencies and to set priorities for 
replacement/rehabilitation programs. 

• Minimizing leaks can delay the need to develop 
new water sources and/or expand the capacity of 
the system. 

 

Resources 
141California Department of Water Resources (DWR) and 

American Water Works Association (AWWA) (1992). 
Water Conservation Guidebook No. 5: Water Audit 
and Leak Detection Guidebook. Sacramento, CA: State 
of California, The Resources Agency. 

142U.S. Environmental Protection Agency (EPA) (2013). 
Water audits and water loss control for public water 
systems. US EPA Office of Water: EPA 816-F-13-002. 

143Lahlou, Z. (2001). Leak Detection and Water Loss 
Control. Tech Brief. National Drinking Water 
Clearinghouse. 

144Jeffs, C., C. Lloyd, and D. Pospishill (1989). An 
Introduction to Water Loss and Leak Detection. 
Duncan, OK: National Rural Water Association 
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FAC T SHE E T 
END USE: RESIDENTIAL 

 

Overview 

Reduction  of  end  use  of water  decreases  the  amount  of water  needed. Many  incentives,  services,  and  educational 
measures can be provided by a municipality to increase water conservation by residential users. This document provides 
descriptions of possible options. 
 

Options 
 

Water Meters 
 All residential users should have water meters. Water 
meters  provide  accountability  and  can  help  locate 
leaks  and  major  water  consumers.  Water  meters 
typically reduce residential water use by 20%. 
 

Tiered‐Rate Structure 
Tiered‐rate  structures  incentivize water  conservation 
by increasing the cost of water for consumers who use 
more water, or use water during peak hours. 

 Increasing  block  rate  pricing  –  increases  the 
price  per  unit  of  water  as  a  user  consumes 
more. 

 Time‐of‐day  pricing  –  increases  the  price  of 
water consumed during peak hours 

 Excessive water user surcharge – charges users 
who  consume  large  amounts  of  water  a  flat 
surcharge 

 

Products/Services 
Municipalities can offer products and services to help 
customers improve water conservation. 

 Water  audits  ‐ water  audits  can  identify  leaks 
and provide consumers with  information about 
possible water‐saving devices. 

 Toilet  leak  detection  tablets  –  distribution  of 
toilet  leak  detection  tablets  can  make 
customers aware of leaks, instigating correction 
and water conservation. 

 Pressure  reduction  (must  consider  customer 
complaints  if  reducing  pressure  in  existing 
areas) – pressure reduction can be done by the 
municipality  or  can  be  recommended  to  the 
customer during water audits. 

 

Indoor Water Conservation Incentives 
Incentives and/or requirements for implementation of 
indoor  water‐conserving  devices  can  improve  water 
conservation. The  following devices are water‐saving 
devices  that  reduce  water  use  compared  to  their 
conventional counterparts. 

 Low‐flush  toilets    (ULFT  or  HET)  or  retrofits 
(quick‐closing flapper valve, toilet dams) 

 Low‐flow shower heads 

 High efficiency dishwashers 

 High efficiency washing machines 

 Faucet aerators 
 

Indoor water‐saving devices can be  implemented  in a 
variety of ways. Some examples are listed below. 

 Offering  incentives  to or  requiring new houses  
to install water efficient devices  

 Requiring  houses  that  are  for  sale  to  upgrade 
devices before the sale can close 

 Offering  incentives  to or  requiring houses with 
older devices to upgrade. 

 

Outdoor Water Conservation Incentives 
Residential  landscape  and  lawn  water  use  typically 
has  large  room  for  optimization  and  water 
conservation. The  following areas are possibilities  for 
focusing incentives to reduce water use. 
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 Irrigation scheduling – Awareness of  the actual 
requirements of the  landscaping/lawn will help 
reduce  over‐irrigation.  Incentive  options 
include:  controllers/clocks  for  automatic 
adjustment of watering schedule based on real‐
time weather  information as well as  rain  shut‐
off devices.  

 Avoiding peak hours – Irrigation during off‐peak 
hours will reduce the cost to the municipality to 
provide  water  during  peak  hours  (reduce  the 
peak system flow). 

 Xeriscape™  landscaping –  Installing  landscaping 
with  low  water  requirements  will  reduce  the 
amount  of  water  required  for  irrigation.  This 
can  provide  large  cost  savings  for  conversions 
from conventional lawns. 

 Lawn  replacement  –  Removing  lawns  and 
replacing  them  with  non‐water  consuming 
material will reduce or eliminate the amount of 
water required for irrigation. 

Water Education Measures 
General  water  education  through  seminars,  events, 
and public outreach can  increase water consumption 
awareness and water conservation. 

 Indoor education can include: 
o Techniques  for  shaving,  teeth  brushing, 

dishwashing, etc. 
o Information about water saving devices 

 Outdoor education can include:  
o Techniques  for  car  washing,  rain  water 

collecting, etc. 
o Information  about  lawn  and  landscaping 

water  requirements  and  irrigation 
scheduling 

 
 
 
 
 

 

Resources 
9    Brown and Caldwell for U.S. Department of Housing 

and Urban Development (HUD). 1989. Finally, Some 
Hard Data on Water Conservation.  

109 U.S. Environmental Protection Agency (EPA). 2012. 
How to Conserve Water and Use It Effectively. 
Available online at: http://water. 
epa.gov/polwaste/nps/chap3.cfm 

111 Water Resource Engineering, Inc. 2002. Retrofitting 
Apartment Buildings to Conserve Water:  A Guide for 
Managers, Engineers, and Contractors. 

114 Whitcomb, J. for the Southwest Florida Water 
Management District. 2005. Florida Water Rates 
Evaluation of Single‐Family Homes. 
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FAC T SHE E T 
END USE: 

COMMERCIAL/INDUSTRIAL/INSTITUTIONAL 
MEASURES 

 

Overview 

Reduction  of  end  use  of water  decreases  the  amount  of water  needed. Many  incentives,  services,  and  educational 
measures can be provided by a municipality to increase water conservation by commercial, industrial, and institutional 
(CII) users. This document provides descriptions of possible options. 
 

Options 
 

Water Meters 
 All  commercial,  industrial,  and  institutional  users 
should  have  water  meters.  Water  meters  provide 
accountability and can provide help on  locating  leaks 
and major water consumers. 
 

Tiered‐Rate Structure 
Tiered‐rate structures  incentivize water conservation 
by  increasing  the  cost  of water  for  consumers who 
use more water or use water during peak hours 

 Increasing  block  rate  pricing  –  increases  the 
price  per  unit  of  water  as  a  user  consumes 
more. 

 Time‐of‐day  pricing  –  increases  the  price  of 
water consumed during peak hours 

 Excessive water user surcharge – charges users 
who  consume  large  amounts  of  water  a  flat 
surcharge 

 

Products/Services 
Municipalities  can  offer  products  and  services  to 
customers help improve water conservation. 

 Water  audits  ‐ water  audits  can  identify  leaks 
and provide consumers with  information about 
possible water‐saving devices. 

 Toilet  leak  detection  tablets  –  distribution  of 
toilet  leak  detection  tablets  can  make 
customers aware of leaks, instigating correction 
and water conservation. 

 Pressure  reduction  (must  consider  customer 
complaints  if  reducing  pressure  in  existing 
areas) – pressure reduction can be done by the 
municipality,  or  can  be  recommended  to  the 
customer during water audits. 

 

Indoor Water Conservation Incentives 
Incentives  and/or  requirements  for  implementation 
of  indoor water‐conserving  equipment  can  improve 
water conservation. The  following devices/processes 
are potential areas for water‐conserving incentives. 

 Low‐flush  toilets/urinals  (ULFT  or  HET)  or 
retrofits  (quick‐closing  flapper  valve,  toilet 
dams) 

 Low‐flow spray rinse nozzles 

 High efficiency washing machines 

 Ozonated laundry systems 

 Laundry processing 

 Faucet aerators 

 Ice makers 

 Cooling towers 

 Medical Equipment 

 Other industrial water‐intensive processes 
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Outdoor Water Conservation Incentives 
CII  landscape  and  lawn  water  use  typically  has 
significant  room  for  optimization  and  water 
conservation. The following areas are possibilities for 
focusing incentives to reduce water use. 

 Irrigation scheduling – Awareness of  the actual 
requirements of the  landscaping/lawn will help 
reduce  over‐irrigation.  Incentive  options 
include:  controllers/clocks  for  automatic 
adjustment of watering schedule based on real‐
time weather  information as well as  rain  shut‐
off devices.  

 Avoiding peak hours – Irrigation during off‐peak 
hours will reduce the cost to the municipality to 
provide  water  during  peak  hours  (reduce  the 
peak system flow). 

 Xeriscape™  landscaping –  Installing  landscaping 
with  low  water  requirements  will  reduce  the 
amount  of  water  required  for  irrigation.  This 
can  provide  large  cost  savings  for  conversions 
from conventional lawns. 

 Lawn  replacement  –  Removing  lawns  and 
replacing  them  with  non‐water  consuming 
material will reduce or eliminate the amount of 
water required for irrigation. 

 

Water Reuse 
CII water can,  in some cases, be reused for a variety of 
purposes,  including  industrial  processes,  landscape 
irrigation,  agricultural  irrigation,  fountains,  and  fire 
protection.  The municipality may  provide  incentives  or 

education  to  CII  customers  for/regarding  potential 
reuse. 
 

Recycled Water 
Recycled water from the central treatment plant can be 
used  by  CII  customers  in  place  of  potable  water  for 
irrigation  of  landscaping  and  lawns.  See  Fact  Sheet 
WW1. 
 
 

Additional Benefits 
Reduction  of  end  use  of  water  also  saves  energy 
throughout the water/wastewater system. 
 

Resources 
9    Brown and Caldwell for U.S. Department of Housing 

and Urban Development (HUD). 1989. Finally, Some 
Hard Data on Water Conservation.  

109 U.S. Environmental Protection Agency (EPA). 2012. 
How to Conserve Water and Use It Effectively. 
Available online at: http://water. 
epa.gov/polwaste/nps/chap3.cfm 

111 Water Resource Engineering, Inc. 2002. Retrofitting 
Apartment Buildings to Conserve Water:  A Guide for 
Managers, Engineers, and Contractors. 

114 Whitcomb, J. for the Southwest Florida Water  
Management  District.  2005.  Florida  Water  Rates 
Evaluation of Single‐Family Homes 

 

 
. 
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FAC T SHE E T 
END USE: RECREATIONAL MEASURES 

 

Overview 

Reduction  of  end  use  of water  decreases  the  amount  of water  needed. Many  incentives,  services,  and  educational 
measures  can  be  provided  by  a municipality  to  increase  water  conservation  by  recreational  users.  This  document 
provides descriptions of possible options. 
 

Options 
 

Water Meters 
All  recreational  users  should  have  water  meters. 
Water  meters  provide  accountability  and  can  help 
locate leaks as well as major water consumers. 
 

Tiered‐Rate Structure 
Tiered‐rate  structures  create  incentives  for  water 
conservation by increasing the cost of water for users 
who use more water, or use water during peak hours. 

 Increasing  block  rate  pricing  –  increases  the 
price  per  unit  of  water  as  a  user  consumes 
more. 

 Time‐of‐day  pricing  –  increases  the  price  of 
water consumed during peak hours 

 Excessive water user surcharge – charges users 
who  consume  large  amounts  of  water  a  flat 
surcharge 

 

Products/Services 
Municipalities  can  offer  products  and  services  to 
customers help improve water conservation. 

 Water  audits  ‐ water  audits  can  identify  leaks 
and provide consumers with  information about 
possible water‐saving devices. 

 Toilet  leak  detection  tablets  –  distribution  of 
toilet  leak  detection  tablets  can  make 
customers aware of leaks, instigating correction 
and water conservation. 

 Pressure  reduction  (must  consider  customer 
complaints  if  reducing  pressure  in  existing 

areas) – pressure reduction can be done by the 
municipality,  or  can  be  recommended  to  the 
customer during water audits. 
 

Outdoor Water Conservation Incentives 
Recreational  landscape and  lawn water use typically 
has  significant  room  for  optimization  and  water 
conservation. The following areas are possibilities for 
focusing  incentives  and  education  to  reduce  water 
use. 

 Irrigation scheduling – Awareness of  the actual 
requirements of the  landscaping/lawn will help 
reduce  over‐irrigation.  Incentive  options 
include:  controllers/clocks  for  automatic 
adjustment of watering schedule based on real‐
time weather  information as well as  rain  shut‐
off devices.  

 Avoiding peak hours – Irrigation during off‐peak 
hours will reduce the cost to the municipality to 
provide  water  during  peak  hours  (reduce  the 
peak system flow). 

 

Recycled Water 
Recycled water from the central treatment plant can be 
used  by  recreational  customers  in  place  of  potable 
water  for  irrigation of  landscaping and  lawns. See Fact 
Sheet WW1. 
 

Additional Benefits 
Reduction  of  end  use  of  water  also  saves  energy 
throughout the water/wastewater system. 
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Resources 
112 California Department of Water Resources (DWR) Water Use and Efficiency Branch & Commercial, Institutional, and 

Industrial Task Force. 2013. Commercial, Institutional and Industrial Task Force Best Management Practices Report to 
the Legislature, Volume II.  
Provides examples and estimates of water conservation for water savings devices. 

 
66 Malcolm Pirnie for New York State Energy Research and Development Authority (NYSERDA). 2010. Water and  

Wastewater Energy Management, Best Practices Handbook: Water Best Practices 7 – Promote Water Conservation,  
8 – Sprinkling Reduction Program, and 9 – Manage High Volume Users 

 
. 
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FAC T SHE E T 
MINIMIZE ON-PEAK OPERATION 

 

Overview 

Operation of devices, processes, and even  treatment plants off‐peak  can  save money when on a  time‐of‐use pricing 
structure. Off‐peak operation  is typically achieved through storage. Operation does not have to fully shift to off‐peak. 
Flow equalization (storage) can allow an even distribution of flows throughout the day, which can also minimize pump 
sizes. 
 

Application 
Common applications of minimizing on‐peak operation 
include: 

 Operate Water Supply (WS) off‐peak or evenly – 
requires Potable Water Treatment Plant (PWTP) 
to operate off‐peak as well, or storage at head 
of PWTP 

 Operate  PWTP  off‐peak  or  evenly  –  requires 
storage  at  head  (if WS  does  not  operate  off‐
peak) and end of PWTP 

 Pump potable water to reservoir or tank  (draw 
down during peak hours) –  requires  storage  in 
water distribution system 

 Operate Wastewater  Treatment  Plant  (WWTP) 
off‐peak or evenly – requires storage at head of 
WWTP;  consideration must  be  given  to  solids 
settling 

 Operate  recycled  water  system  off‐peak  – 
required  storage  at  end  of  PWTP;  typically 
recycled  water  is  used  for  landscape  and 
irrigation purposes, which can be done at night. 

 Backwash  filters  during  off‐peak  hours  or  fill 
storage slowly for backwash. 

 Test back‐up motor systems (such as monthly or 
weekly  star‐ups)  off‐peak  –  requires  operator 
education or automation. 

Operate  generators  during  peak  hours  to  reduce  or 
eliminate the load on the electric grid. 
 

Considerations 
Off‐peak  operation  may  require  automation  or 
scheduling  adjustments.  Some  treatment  plants  have 
had  issues with  staff  retention  and morale when  staff 
members are required to work off‐peak hours. 
 
Any  time water  is  stored,  settling and growth need  to 
be  considered. An  aerator or  a mixer  (which  could be 
solar‐powered)  may  be  able  to  off‐set  any  potential 
issues. 
 
While a plant may not be able  to operate entirely off‐
peak, it may be able to equalize flows, reducing the on‐
peak load (and possibly improving plant performance). 
 

Costs 
The “rule of thumb” for initial cost of new storage is $1 
per gallon. This must be  compared against  the  savings 
associated with reduced rates (off‐peak, minimize peak 
loads)  as  well  as  reduced  power  use  (more  even 
distribution).  
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Resources 
10 Burton, F. Electric Power Research Institute (EPRI). 1996. Water and Wastewater Industries: Characteristics and Energy 
Management Opportunities.  

 
66  Malcolm  Pirnie  for  New  York  State  Energy  Research  and  Development  Authority  (NYSERDA).  2010.  Water  and 
Wastewater Energy Management, Best Practices Handbook: Water Best Practice 6 – Optimize Storage Capacity. 

 
87 Science Applications International Corporation (SAIC) for Focus on Energy. 2006. Water & Wastewater Industry Energy 

Best Practice Guidebook: Technical Best Practice Wastewater 3: Optimize Flow with Controls & General 2: Real Time 
Energy Monitoring.
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FAC T SHE E T 
HYDROELECTRIC POWER 

 

Overview 

Locations in the system with pressure reducing valves (such as in the distribution system) or large elevation drops (such 
as at the exit of a wastewater treatment plant) may be able to produce hydropower with turbines. 
 

Application 
There  are  two  main  locations  where  hydroelectric 
power may be applicable: 

1. Outfalls:  locations where  an  open water  body 
has significant head  loss. Typically found at the 
end of wastewater treatment plants.  

2. In  conduit:  locations  in  conduit  (closed  pipe) 
where pressure reducing valves (PRVs) are used 
to  reduce  the  pressure  of  the water.  Typically 
found  in  water  supply  and  water  distribution 
systems. 

 
To estimate the power generation of the system, use 
one of the following equationsa: 
 

ݓ݈ܨ ൈ ݀ܽ݁ܪ
ݐ݊ܽݐݏ݊ܥ

ൌ  ݎ݁ݓܲ

 
ሾܦܩܯሿ ൈ ሾ݂ݐሿ

10.6
ൌ ሾܹ݇ሿ 

 

		
ሾ݂ܿݏሿ ൈ ሾ݂ݐሿ

16.4
ൌ ሾܹ݇ሿ 

 
a These equations assume 10% head loss and 80% turbine 
efficiency 
 

Considerations 
In the past, outfalls have typically needed 10‐15 feet of 
fall  and  a  minimum  flow  of  15  MGD  –  an  installed 
capacity  of  at  least  300  kW  –  to  make  the  unit 
economical2. Newer  systems  are  able  to  economically 

produce power at less than 100 kW (some as low as 10 
kW).  Investigation  into  the  current  availability  of 
hydroelectric  units  should  be  done  to  determine  the 
applicability of hydroelectric for a given situation. 
 

Resources 
79 OEL Hydrosys, Inc. 2008. HydroHelp. Available online  
    at: http://www.hydrohelp.ca 

This is a program (Excel based) that can be used to 
help select the appropriate turbine‐generator for 
hydroelectric sites. The program is in SI units. 

 
80 Pakenas, L. for New York State Energy Research and 
Development Authority (NYSERDA). 1995. Energy 
Efficiency Strategies for Municipal Wastewater 
Treatment Facilities.  

 
87 Science Applications  International Corporation (SAIC) 
for  Focus  on  Energy.  2006.  Water  &  Wastewater 
Industry  Energy  Best  Practice  Guidebook:  Technical 
Best  Practice General  Facility  12:  Renewable  Energy 
Options. 

 
94 Torrey, D. for New York State Energy Research and 
Development Authority (NYSERDA). 2011. Report 12‐
04. Hydropower from Wastewater. 

 
100 U.S.  Department of Energy (DOE) Energy Efficiency & 
Renewable  Energy  (EERE).  Water  Power  Program: 
Hydropower Technologies. 
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FAC T SHE E T 
FILTER BACKWASHING 

 

Overview 
Filter backwashing can be a water- and energy-intensive process; it requires large flow rates for short periods of time. If 
pumps are used, they must be large, and can contribute to peak demand charges. If air scouring is used, large blowers 
also contribute to peak demand charges. There are multiple water- and/or energy-savings measures available to filter 
backwashing.  
 

Application 
The following are water- and/or energy-savings 
measures available to filter backwashing: 
• Backwashing during off-peak hours – reduces on-

peak energy costs 
• Gravity backwash system (storage) – pump water 

(at a reduced flow rate) to storage, then using 
gravity to provide large flows during backwash 

• Sequencing backwash cycles – ensures only one 
backwash cycle occurs at a time, reduces demand 
charges 

• Optimization of backwashing 
o Automatic controls based on effluent water 

quality and/or head loss across filter 
o Adding a surface wash or air scour system 
o Proper length of time for backflush 
o Proper backwash flow rate 

 

Any backwash system may be able to benefit from the 
options listed above. 
 
 

Considerations 
If backwash is to occur manually during off-peak hours, 
staffing needs/labor costs need to be considered. 
 

Recycling the backwash water will further conserve 
water. Typically, the water is routed to a sedimentation 
basin, where the supernatant is then routed to the start 
of the treatment plant. See Fact Sheet G12 for further 
information. 
 

Resources 
37 Electric Power Research Institute (EPRI) for California 

energy Commission (CEC). 1999. Report CR-104300. 
Energy Audit Manual for Water/Wastewater Facilities. 

66 Malcolm Pirnie for New York State Energy & 
Development Authority (NYSERDA). 2010. Water and 
Wastewater Energy Management: Best Practices 
Handbook – General Best Practice G20 – Filtration: 
Sequence Backwash Cycles. 

137Satterfield, Z. (2005) Filter Backwashing. Tech Brief. 
National Environmental Services Center; vol. 5 issue 3. 
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FAC T SHE E T 
DEMAND CONTROL 

 

Overview 

Demand control consists of managing  system  loads  to  reduce peak demand. Most energy providers charge based on 
actual power used (kW‐hours) as well as peak demand (kW) in a time period (such as 15 minute increments). Demand 
control is typically achieved by monitoring major power consumers and ensuring: 

 Units that draw large amounts of power on start‐up do not start at the same time (or during peak hours) 

 Units that consume significant power during operation do not operate at the same time, if possible 

 Processes that can be performed off‐peak are performed off‐peak (such as filter backwashing) 

 Units that are not in use are turned off 

 Available storage is used to shift pumping off‐peak 
 

Application 
The ability to shift start times and operation of different 
pumps, blowers, and motors depends on the specific 
application. The demand control must not undermine 
regulatory requirements at treatment plants. 
 

Considerations 
Demand  control  can  be  manual  or  automatic.  In 
general, more  savings  can be  realized  if  the  control  is 
automated. 
 
 
 
 

Additional Benefits 
Automatic  demand  control  can  reduce  operator  time 
spent measuring parameters and adjusting equipment. 
 

Resources 
87 Science Applications International Corporation (SAIC) 
for Focus on Energy. 2006. Water & Wastewater 
Industry Energy Best Practice Guidebook: Technical 
Best Practice General 2: Real Time Energy Monitoring 
& General 6: Idle or Turn Off Equipment. 

 
3 Arora, H. and M.W.  LeChevallier. 1998. American 
Water Works Association (AWWA) Journal 90:2. 
Energy Management Opportunities

. 
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FAC T SHE E T 
AUTOMATIC CONTROL AND SCADA SYSTEMS 

 

Overview 

Automatic control can reduce energy requirements  in many water and wastewater related systems. Automatic control 
can  allow  the  system  to match  requirements  (such  as  a water  level  or  dissolved  oxygen  concentration)  closer  than 
manual  adjustment,  resulting  in  less  energy  and  man‐hours  used.  Automatic  control  can  also  help  with  load 
management,  ensuring processes operate off‐peak  and  reducing  the number of processes  running  at  any one  time. 
Monitoring  provides  feedback  to  the  operator,  allowing  the  operator  to  adjust  limits  and  optimize  operation.  A 
Supervisory Control and Data Acquisition (SCADA) system can provide central monitoring as well as setpoint adjustment 
and control of many components. 
 

Application 
Automatic control and monitoring can be applied to all 
aspects  of  water  and  wastewater  systems,  including 
pumping, mixing, and aeration. 
 

Considerations 
The proper value needs to be monitored and controlled 
for.  For  aeration  systems,  this  is  likely  the  dissolved 
oxygen  (DO) content  (consideration should be given  to 
the  location  at which  the DO  is  being measured).  For 
pumping, this is likely the flow rate or a water level. For 
mixing,  the  flow  rate  is  typically  used  to  match  the 
speed of the mixer. 
 

Costs 
See  Case  Studies  below  for  example  savings  and 
payback estimates.  
 

Additional Benefits 
Aeration automation  typically  results  in better effluent 
water quality and less energy required for dewatering. 
 

Automatic  control  can  reduce  man‐hours  spent 
calculating values and adjusting equipment. 
 
SCADA  systems  can  detect malfunctioning  equipment 
and/or  inefficient  operation.  This  can  lead  to  reduced 
maintenance  cost,  reduced  system  downtime,  and 
improved reliability. 
 

Resources 
28 Crawford, G. and J. Sandino for Water Environment 
Research Federation (WERF). 2010. Energy Efficiency 
in Wastewater Treatment in North America: A 
Compendium of Best Practices and Case Studies of 
Novel Approaches – 2.4.4.3 Supervisory Control and 
Data Acquisition Systems. 

35 Electric Power Research Institute (EPRI). 2009. 
Program on Technology Innovation: Electric Efficiency 
through Water Supply Technologies – A Roadmap. 

 
87 Science Applications International Corporation (SAIC) 

for Focus on Energy. 2006. Water & Wastewater 
Industry Energy Best Practice Guidebook: Technical 
Best Practice Water Supply 1: Automate to Monitor 
and Control. 
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FAC T SHE E T 
ULTRAVIOLET DISINFECTION 

 

Overview 

Ultraviolet (UV) disinfection can be used in place of chlorination or ozonation at wastewater and potable water (typically 
groundwater)  treatment  plants. Unlike  chlorination  and  ozonation, UV  disinfection  does  not  have  any  residuals. UV 
systems consist of five main components:  lamps, quartz sleeves, ballasts, supports, and power supply. There are three 
types of  lamps used  in UV disinfection for water and wastewater treatment:  low‐pressure,  low‐intensity (output);  low‐
pressure, high‐intensity;  and medium‐pressure, high‐intensity. Ballasts  can be either  electric or electromagnetic. The 
system  can be  set up  vertically or horizontally.  The  following  sections outline  the major  energy opportunities  in UV 
disinfection. 
 

Dose Pacing 
Ultraviolet  (UV)  disinfection  can  use  dose  pacing  to 
conserve  power  when  flow  rates  are  not  at  the 
maximum  values.  Dose  pacing  control  strategies  can 
either  (1)  turn  banks  of  lights  on  or  off,  or  (2)  adjust 
lamp  power  up  or  down.  Dose  pacing  should  be 
automated with a PLC. Automation of the system based 

on water quality, flow, and level of disinfection required 
can save considerable energy. 
 
Lamps  can  be  arranged  in  open  or  closed  channels, 
vertically  or  horizontally,  parallel  or  perpendicular  to 
flow. Orientation of the lamps will determine what dose 
pacing control strategies can be used. 

 

Low Pressure Lamps 
Low pressure systems are  recommended over medium 
pressure  systems  for  the  energy  saving  potential. 
However, medium pressure  systems may be necessary 
if  the  footprint  area  is  limited  or  in  large  (>38 MGD) 
systems.  

The  following  table  lists  some  major  features  of  the 
three  types of  lamps  (adapted  from  “Essential Criteria 
for Selecting an Ultraviolet Disinfection System” [30]). 

 

Type  Low Pressure, Low‐
Intensity 

Low Pressure, High‐
Intensity 

Medium Pressure High‐
Intensity Lamps 

Plant Maximum 
Capacity [MGD) 

38  38  >38 

Input Power 
[Watts/Lamp] 

15 ‐ 75  150 – 400  1,000 – 20,000 

UV‐C Efficiency [%]  32 ‐ 38  30‐36  12‐16 

Hg Pressure [atm]  0.01  0.01  1‐2 

Lifetime [Hours]  8,000 – 12,000  8,000 – 15,000  3,000 – 9,000 

Operation  Long warm‐up time  Long warm‐up time  Short warm‐up time 
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Type  Low Pressure, Low‐
Intensity 

Low Pressure, High‐
Intensity 

Medium Pressure High‐
Intensity Lamps 

Performance – Effect of 
Water Temperature on 

Output 

Efficiency very 
dependent on water 

temperature 

Efficiency somewhat 
dependent on water 

temperature 

Efficiency independent 
of water temperature 

Maintenance ‐ Cleaning 
Low fouling rate. 

Manual, offsite cleaning 
required 

Low fouling rate. 
Automatic lamp 
cleaning available 

High fouling rate. 
Automatic lamp 
cleaning available 

Maintenance – Lamp 
Replacement 

Long lamp life but high 
number of lamps to 

replace 

Long lamp life and 
average number of 
lamps to replace 

Average lamp life but 
low number of lamps to 

replace 

Maintenance – Sleeve 
and Ballast Life [years] 

Sleeve: 4‐6 
Ballast: 10‐15 

4‐6 
10‐15 

1‐3 
1‐3 

Installation – Footprint  Large  Medium  Small 

Installation – Head Loss  High  Medium  Low 

Configuration Options  Open Channel 
Open Channel 
Closed Vessel 

Closed Vessel 

Hg – mercury, UV – ultraviolet, UV‐C efficiency – the amount of electrical power, in watts, converted into watts of UV light emitted in the range of 
240‐290 nm, which is the effective germicidal range 
 

Electronic Ballasts 
Ultraviolet  (UV)  ballasts  can  be  either  electronic  or 
electromagnetic.  Due  to  increased  energy  efficiency, 
electronic  ballasts  are  recommended  over 
electromagnetic  ballasts  for  new  installations  and 
retrofits  (ballast  replacement).  Electronic  ballasts 
generate  less  heat  (electromagnetic  ballasts  may 
require  air  conditioning),  are more  compact,  consume 
less  power,  and  are  less  affected  by  power  supply 
variability  than  electromagnetic  ballasts.  Also, 
electronic ballasts have  the  ability  to  vary  the output. 

Electronic  ballasts  are,  in  general,  about  10%  more 
efficient  than  electromagnetic  ballasts  [67].  However, 
electronic ballasts have a higher  risk of damage and a 
shorter  life  than  electromagnetic  ballasts.  Overall, 
electromagnetic  ballasts  are  recommended  to  be 
switched to electronic ballasts. 
 
The  following  table  is  adapted  from  “Essential Criteria 
for  Selecting  an  Ultraviolet  Disinfection  System”  [30].

 
 

Selection Criteria  Electromagnetic  Electronic 

Installation – Room 
Temperature 

High heat generation will require a 
cooling system (ventilation or air 
conditioning) in the control panel 

Low heat generation 

Installation – Footprint  Large (coils, wiring, etc)  Compact 

Operation – Power 
Consumption 

High (low efficiency and constant 
output) 

Low (high efficiency and 
variable output) 

Operation – Power Supply 
Negatively affected by power supply 

variability (surges, power interruptions, 
sags, brownouts, etc) 

Limited effect from 
power‐supply variability 

Operation – Reliability  Reliable, proven technology  Higher risk of damage 

Maintenance  Long life  Average Life 

G6



Developed by:  Small Community Water Systems  

 
 

2015 P a g e  | 3 

  
 

Lamp Maintenance 
Ultraviolet  (UV)  disinfection  lamp  sleeves  must  be 
cleaned regularly, manually or automatically. Lamps and 
ballasts must be  replaced periodically. As  lamp sleeves 
foul  (build up material on  the  sleeves),  less UV  light  is 
able to be transferred to the water, and more energy is 
required  to  deliver  the  same  dose  to  the  water. 
Similarly,  as  lamps  age,  the  same  electrical  input 
produces  less  UV  light,  resulting  in  more  energy 
required  for  the  same  lamp  intensity.  This  reduction 
must be balanced with the cost to replace lamps.  
 
Lamp Replacement – Lamps can be replaced either on a 
schedule  (say  4,000  hours)  or  when  their  output  has 
reduced to a certain level, even after cleaning (say 75%) 
or both (whichever occurs first). 
 
Sleeve  Cleaning  –  Sleeve  cleaning  can  be  performed 
automatically  or  manually.  If  performed  manually, 
cleaning,  like  lamp  replacement,  can  occur  on  a 
schedule  or  when  output  is  decreased  by  a  certain 
amount.  The  amount  of  fouling  and  severity  of  the 
fouling  are  highly  dependent  on  the  water  in  the 
system. 
 

Emerging Technologies 
The following list is of emerging UV disinfection 
technologies. These technologies may be researched to 
determine applicability and feasibility. 

 Narrow‐band Excimer Lamps 

 Pulsed UV 
 

Resources 
30 Dussert , B.W. 2005. American Water Works 
Association (AWWA) Journal 97:7. Essential Criteria 
for Selecting an Ultravoilet Disinfection System. 

 
39 Electric Power Research Institute (EPRI). 1998. Quality 
Energy Efficiency Retrofits for Wastewater Systems. 

 
67 Metcalf and Eddy. 2006. Water Reuse: Issues, 
Technologies, and Applications.  

 
87 Science Applications International Corporation (SAIC) 

for Focus on Energy. 2006. Water & Wastewater 
Industry Energy Best Practice Guidebook: Technical 
Best Practice Wastewater 18: Ultraviolet (UV) 
Disinfection Options. 
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FAC T SHE E T 
OZONE DISINFECTION 

 

Overview 

The ozonation process consists of four steps: (1) feed gas preparation, (2) ozone generation, (3) ozone contacting, and 
(4) off‐gas treatment. The feed gas can be liquid oxygen (LOX), on‐site generated oxygen (VPSA for large operations or 
PSA for smaller operations), or ambient air. 
 

 
Main ozone system components[83] (liquid oxygen feed gas shown) 

 

Ozone System Technology 
Advancements  in  generator  technology  over  the  past 
decade  have  increased  generator  efficiency  by  10‐
20%[35]. It may be economically beneficial to upgrade an 
older system with newer technology. Additionally, most 
older  systems  use  ambient  air  (which  can  be  a 
complicated  and  power‐consuming  process),  while 
newer  systems  used  on‐site  oxygen  or  LOX.    A  cost 
analysis should be done to determine the actual benefit 
of upgrading an existing system. 
 
 
 

Ozone System Size 
If a system  is oversized for normal operation (i.e. sized 
for  peak  flow),  it may  be  beneficial  to  install  a  small 
system  for  normal  conditions. Ozone  systems  operate 
most efficiently at their “design ozone concentration.” 
 

Feed Gas Options 
It may be possible  to  reduce  energy use  and  costs by 
purchasing  liquid  oxygen  (LOX).  LOX  could  be  used  in 
place of VPSA or PSA. The cost of LOX depends  largely 
on the location of the treatment plant with respect to a 
LOX supply. Depending on the cost, it may be beneficial 
to  use  LOX  in  place  of  VPSA/PSA  oxygen  during  peak 
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hours  or  possibly  all  hours.  For  some  older  air‐fed 
systems, the savings associated with a new VPSA/PSA or 
LOX  system  may  justify  replacement.  A  cost  analysis 
should be performed.  
 

Off-Gas Destruct Blower VFD 
If the water  flow through the ozone system varies, the 
off‐gas from the system likely also varies. Depending on 
the size of the system and hours of operation, it may be 
beneficial  to  install  a  VFD  on  the  off‐gas  destruct 
blower(s) to more closely match the output. 
 

Performance/Contact Time Ratio 
The performance or contact time (CT) ratio is a ratio of 
the actual divided by the required minimum. For energy 
efficiency, this value should be close to 1. For safety, the 
ratio is typically between 1.2 and 1.5. When the ratio 
gets higher than 1.5, it may be possible to optimize the 
performance of the system to reduce the ratio and 
reduce energy use. 
 

Resources 
26 Chang, Y. D.R., Reardon, P. Kwan, G. Boyd, J, Brant, 
K.L. Rakness, and D. Furukawa for the Awwa Research 
Foundation and California Energy Commission (CEC). 
2008. Evaluation of Dynamic Energy Consumption of 
Advanced Water and Wastewater Treatment 
Technologies. 

 
35Electric Power Research Institute (EPRI). 2009. 
Program on Technology Innovation: Electric Efficiency 
through Water Supply Technologies – A Roadmap: 
Water Technologies with Electric Efficiency Potential: 
Advanced Ozone. 

 
38 Electric Power Research Institute (EPRI). 2000. 
Advancing Ozone Optimization during Pre‐Design, 
Design, and Operation. 

 
83 Rakness, K.L. 2005. Ozone in Drinking Water 

Treatment: Process Design, Operation, and 
Optimization.
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FAC T SHE E T 
ON-SITE POWER GENERATION 

Overview
Many  water  and  wastewater  treatment/conveyance  sites  are  charged  for  electricity  on  a  time‐of‐use  (TOU)  rate 
structure. This means power costs more during peak hours and less during off‐peak hours. While some processes can be 
shifted  to occur during off‐peak hours,  there are some  that cannot. A possible method  for reducing energy costs and 
electricity  use may  be  to  produce  power  on‐site  during  peak  hours. Many water  and wastewater  sites  (such  as  lift 
stations and  treatment plants) already have backup generators  for emergency situations  that could be used  for peak 
shaving  (reducing energy use during peak hours).  It may also be possible  to  install a natural gas and/or biogas  (from 
anaerobic sludge digestion) co‐generation unit. 

Application 
Using  generators  to  off‐set  peak  power  use  may  be 
applicable  to  any  part  of  a  municipality’s 
water/wastewater  system  that  is  on  a  TOU  rate 
structure. 

Considerations 
Either all or part of the peak load can be supplied by the 
on‐site power source. 

For existing back‐up generators, the added costs related 
to operation and maintenance of the generator(s) must 
be considered when determining the economic viability 
of  peak  shaving/load  reduction  with  the  back‐up 
generators.  Additionally, some back‐up generators may 
not  be  allowed  to  operate  outside  of  emergency 
situations due to air pollution regulations and permits. 

At wastewater  treatment plants,  it may be possible  to 
power  generators  with  biofuel  created  in  anaerobic 
sludge  digestion  rather  than,  or  in  addition  to 
purchasing  fuel.  Cogeneration  (heat  and  fuel) may  be 
more  economically  feasible  than  biofuel  generation 
alone. 

Costs 
Costs  can  vary  greatly  depending  on  the  existing 
equipment. 

When emergency  generators  are  already  installed  and 
operational,  the  only  additional  costs  typically  added 
are in the following areas: 

 Direct fuel and supply costs

 Environmental  permits  required  for  additional
air pollution

 Staff  time and  training required  to operate  the
equipment at an increased frequency

For  cogeneration  units,  the  major  economic  factors 
include: 

 The size, capacity, and capital cost of a unit

 The  cost  and  availability  of  fuel  (either
purchased or produced)

 Operations and maintenance costs

 The  ability  of  the  site  to  use  thermal  energy
produced by the unit

Additional Benefits 
Using  backup  and  standby  generators  during  peak 
periods  can  allow  a  system  to  use  interruptible  rates 
(reduced  energy  rates  in  exchange  for  interruptible 
service during peak loads). 
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Resources
3 Arora, H. and M.W. LeChevallier. 1998. American 
Water Works Association (AWWA) Journal 90:2. Energy 
Management Opportunities.  

10 Burton, F. and EPRI Community Environmental Center 
for Electric Power Research Institute (EPRI). 1996. 
Report CR‐106941. Water and Wastewater Industries: 
Characteristics and Energy Management 
Opportunities. 

80 Pakenas, L. for New York State Energy Research and 
Development Authority (NYSERDA). 1995.  Energy 
Efficiency in Municipal Wastewater Treatment Plants: 
Technology Assessment. 

110 Water Environment Federation (WEF) Energy 
Conservation in Water and Wastewater Treatment 
Facilities Task Force. 2010. Energy Conservation in 
Water and Wastewater Treatment Facilities ‐ Manual 
of Practice No. 32: Chapters 11.4 On‐Site Engine or 
Power Utilization & 11.5 On‐Site Generation Options.
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FAC T SHE E T 
TREATMENT WATER RECYCLING 

Overview 
Filter backwashing can be a water-intensive process. If the backwashing system has been optimized (See Fact Sheet G1), 
another method to further reduce water requirements is to recycle the backwash water. Typically, the water would be 
routed to a settling basin, and then rerouted to the head of the treatment plant. 

Applications 
The following flows can be considered for recycling: 
• Spent Filter Backwash Water: A stream containing

particles that are dislodged from filter media 
when water is forced back through a filter 
(backwashed) to clean the filter. 

• Thickener Supernatant: A stream containing the
decant from a sedimentation basin, clarifier, or 
other unit that is used to treat water, solids, or 
semi-solids from the primary treatment 
processes. 

• Liquids from Dewatering Processes: A stream
containing liquids generated from a unit used to 
concentrate solids for disposal. 

Considerations 
There are rules regarding the recycling of backwash 
water. Federal regulations called the Filter Backwash 
Recycling Rule should be consulted. That document 
requires that no more than a 10 percent mixture of 
backwash water with raw water feeding back into the 
plant. 

Resources
138Satterfield, Z. (2011) Water Efficiency and 

Conservation. Tech Brief. National Environmental 
Services Center; vol. 11 issue 1. 

139US EPA (2001) Filter Backwash Recycling Rule: A 
Quick Reference Guide. EPA 816-F-01-019. 
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FAC T SHE E T 
PREMIUM EFFICIENCY MOTORS 

 

Overview 

Premium efficiency motors  are  typically 2  to 10% more efficient  than  standard efficiency motors  and 1  to 4% more 
efficient than EPAct motors. Because the lifetime energy costs to run a continuous duty motor are 10 to 20 times higher 
than  the  initial motor  price,  the  added  cost  for  premium  efficiency motors  (usually  15  to  25% more  than  standard 
efficiency motors) are often recouped quickly with the energy cost savings of a frequently used motor. 
 

Application 
As a rule of thumb,  if a standard motor  is more than 5 
years old and runs more than 75% of the time, it should 
be  replaced with  a  premium  efficiency motor.  Also,  if 
motors are oversized by more than 50%, they should be 
replaced  with  correctly  sized,  high  or  premium 
efficiency motors. 
 
For  a more  detailed  examination,  the  Department  of 
Energy (DOE) provides a program called MotorMaster+, 
which allows the user to compare motors. The program 
has  a  manufacturers’  database  of  price  and 
performance. 
 

Costs 
The  following  two  charts  can be used  to  estimate  the 
savings  associated with  upgrading  from  a  standard  to 
premium motor  for  totally  enclosed  fan  cooled  (TEFC) 
and open drip proof (ODP) motors based on utility rate. 
These charts assume the motor runs an 80% load 100% 
of  the  time.  Therefore,  multiply  the  savings  by  the 
percent  of  time  the  motor  will  run  divided  by  100. 
Additionally,  if  the  actual  load  is  known, multiply  the 
savings by the actual load (%) divided by 80. 
 
Actual	Savings	ሾ$ሿ	ൌ	 

Chart	Savings	ሾ$ሿ	ൈ	
%	of	time	motor	runs

100%
	ൈ	

Actual	load	%
80%

 

 

 
 

 
These  savings  should  be  compared  to  the  cost  of 
upgrading  the motor. The cost of upgrading  the motor 
depends on  the useful  life of  the current motor and  if 
the current motor needs to be rewound.  
 
For actual and estimated savings for motor upgrades at 
water  and  wastewater  facilities,  see  the  case  study 
table below.  
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Additional Benefits 
Premium  efficiency  motors  typically  have  longer 
insulation and bearing lives, lower heat output, and less 
vibration.  In  some  cases,  the  premium  motors  come 
with longer warranties than the standard motors. 
 

Resources 
12 California Energy Commission. 2000. Energy‐Efficient 
Motors.  
 
66 Malcolm Pirnie for New York State Energy Research 
and Development Authority (NYSERDA). 2010. Water 
and Wastewater Energy Management: Best Practices 
Handbook. 

 
87 Science Applications International Corporation (SAIC) 
for Focus on Energy. 2006. Water & Wastewater 
Industry Energy Best Practice Guidebook: Technical 
Best Practice General 7: Install High Efficiency Motors. 

 

101 U.S. Department of Energy (DOE) Energy Efficiency 
and Renewable Energy (EERE). 2006. Improving 

Pumping System Performance: A Sourcebook for 
Industry. 

 
102 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE) Advanced 
Manufacturing Office. 2012. Energy Tips: Motor 
Systems Tip Sheet #1. When to Purchase Premium 
Efficiency Motors.  

 
105 U.S. Department of Energy (DOE) Industrial 

Technologies Program (ITP). MotorMaster+ software. 
Available online at: 
http://www1.eere.energy.gov/manufacturing/tech_
deployment/software_ motormaster.html 

 
106 U.S. Department of Energy (DOE) Motor Challenge. 

2001. Fact Sheet: Buying an Energy‐Efficient Electric 
Motor. 

 

107 U.S. Environmental Protection Agency (EPA). 2010. 
Evaluation of Energy Conservation Measures for 
Wastewater Treatment Facilities. 
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FAC T SHE E T 
VARIABLE FREQUENCY DRIVES 

 

Overview 

Variable Frequency Drives (VFDs) can be used on motors that have or could have varying loads. On pumps, VFDs can be 
used  in place of bypass valves or throttling valves. VFDs can be  installed on most existing pumps. VFDs can be used  in 
conjunction with  sensors  and PLCs  (Programmable  Logic Controller)  to  automate  some processes, optimizing  system 
performance. 
 

Application 
On  pumps  and  blowers,  variable  frequency  drives 
(VFDs) can use less energy than throttling valves, bypass 
valves, and on/off control in high‐friction situations. 
 
VFDs  are  most  applicable  for  situations  with  a 
combination  of  the  following  characteristics:  high  HP 
(>15), high utility  rates,  variable  load  types,  low  static 
head, and high (>2,000 hours/year) operating hours. 
 
One VFD can be used in situations with two pumps that 
operate in duty/standby mode. If both pumps are run in 
lead/lag mode, they would likely both need VFDs. In 3+ 
pump systems, depending on the range of flows, it may 
be possible  to have one or  two VFDs.  Installing a new, 
small pump with a VFD may be more economical  than 
retrofitting a large existing pump. 
 

Considerations 
Some pumps have pump curves that can allow a pump 
curve to intersect a system curve at multiple points (see 
points  in  the  following  figure).  This  can  cause  the 
system  to  “hunt”  for  the  operating  point,  causing  the 
flow rate to suddenly shift and damage the system. Do 
not install VFDs on these pumps. 
 

 
 
VFDs  can  increase  vibration  and  cause  structural 
resonance problems. 
 
A VFD needs to be sized for the motor input (not motor 
output). A  rule of  thumb  is  to upsize  the controller by 
one size above the motor rating. 
 
In general, the motor should operate for at  least 2,000 
hours/year for a VFD to be economical. 
 
Positive  displacement  pumps will  not  have  as  high  of 
energy savings as centrifugal pumps, but there can still 
be significant savings in certain applications. 
 
In  pumping  systems  with  predominantly  static  lift, 
bypass  valves  may  be  more  efficient  than  throttling 
valves or VFDs. 
 
If  a  system  has  “non‐continuous,”  set  outputs  (i.e.  a 
pumping system operates at either, and only, 1,000 or 

H
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d

Flow Rate

System
Curve

PumpCurves 
(Different Speeds)

Mutiple 
Intersections

M2



Developed by:  Small Community Water Systems 

 

2015 P a g e  | 2  

3,000  gpm),  a multiple‐speed  pump may  be  a  better 
option. 
 
In  systems  that must operate  for  long periods  at  low‐
load conditions, a pony pump (or blower) may be more 
economical. 
 
In  systems  that  operate  at  near‐full  load  for  long 
periods,  the  efficiency  of  the  VFD  may  make  it  less 
economical than other options. 
 

VFDs  require  a  good  quality  power  source  due  to 
altering energy requirements [101]. 
 
VFDs can cost from $3,000 for small (5 HP) models up to 
over  $45,000  for  large  (300  HP)  custom‐engineered 
models, plus installation costs. Payback is typically a few 
months to a few years [13]. 
 
In  wastewater  applications,  VFDs  can  result  in  low 
velocities  that  can  lead  to  solids  deposition  in  pipes. 
Minimum velocities must be considered. 

 

Energy Comparison 
The  following graphs compare  the energy used  for variable speed control, stop/start control,  throttling valve control, 
and bypass  valve  control  for  a  system with  static head  (elevation)  as well  as dynamic head  (friction). Note  that  the 
graphs do not account for energy wasted due to operating at a lower efficiency. 
 

         
 

         
 

 
 
 

Costs 
See  the  case  studies  table  below  for  example  energy 
and  cost  savings, as well as payback  for proposed and 

implemented VFD  installations. Typical payback  ranges 
from six months to five years. 

 
VFD retrofits typically save 15% to 35% of energy.   
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Additional Benefits 
VFDs  allow  soft‐starts,  reducing  the  mechanical  and 
electrical stress on  the motor system and reducing  the 
risk of water hammer.  
 
VFDs  (with  PLCs  and  sensors)  allow  the  control  of  a 
system to be automated. 
 
VFDs can reduce pump noise. 
 

Resources 
13 California Energy Commission (CEC). 2000. Variable‐
Frequency Drive.  

 
46 EuroPump & The Hydraulic Institute. 2004. Variable 
Speed Pumping: A Guide to Successful Applications.  

 
51 Irrigation Training and Research Center (ITRC). 2010. 
Pump Operation with VFD Controlled Motors. 

 
87 Science Applications International Corporation (SAIC) 
for Focus on Energy. 2006. Water & Wastewater 
Industry Energy Best Practice Guidebook: Technical 
Best Practice, Water Supply 5: Pump Discharge 
Throttling , Wastewater 1: Variable Frequency Drive 

Applications, & General Facility 8: Variable Speed 
Technologies.  

 
101 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE). 2006. Improving 
Pumping System Performance: A Sourcebook for 
Industry – 3. Indications of Oversized Pumps & 11. 
Controlling Pumps with Adjustable Speed Drives.  

 
102 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE) Advanced 
Manufacturing Office. 2012. Energy Tips: Motor 
Systems Tip Sheet #11. Adjustable Speed Part‐Load 
Efficiency.  

 
107 U.S. Environmental Protection Agency (EPA). 2010. 

Evaluation of Energy Conservation Measures for 
Wastewater Treatment Facilities.  

 
119 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE) Industrial 
Technologies Program (ITP). 2007. Energy Tips: 
Pumping Systems Tip Sheet #11. Adjustable Speed 
Pumping Applications. & #12. Control Strategies for 
Centrifugal Pumps with Variable Flow Rate 
Requirements. 
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FAC T SHE E T 
CORRECTLY SIZED MOTORS 

 

Overview 

Motors should operate primarily between 65 and 100% of the rated load. The efficiency of the motor diminishes when it 
is operated outside this range. As a general rule, if a motor is oversized by more than 50%, it should be replaced with a 
correctly sized high‐ or premium‐efficiency motor. If a large capacity is required for peak flows, multiple motors could be 
used. Efficiency losses for oversized motors are greater for smaller sized motors (<50 HP); large, oversized motors may 
not have a significant loss of efficiency operating at a partial load. 
 
Motors can also be undersized.  Undersized motors can overheat and decrease in efficiency when run for long periods of 
time above  their  rated power.   An undersized motor  should be  replaced any  time  the motor  is  constantly operating 
above the rated load. 
 

Considerations 
If  a  motor  appears  to  be  incorrectly  sizes, 
MotorMaster+  (a  program  provided  by  the  U.S. 
Department of Energy – [105]) can be used to evaluate 
the current motor and compare it to other options. 
 

Costs 
Energy  savings  of  5‐30%  are  typical when  replacing  a 
motor with a correctly sized motor [53].  
 

Resources 
53 KEMA‐XENERGY, for California Public Utilities 
Commission. 2003. Proposal for Wastewater 
Treatment Plant Improvement Program in the PG&E 
Service Area. 

 
66 Malcolm Pirnie for New York State Energy Research 
and Development Authority (NYSERDA). 2010. Water 
and Wastewater Energy Management, Best Practices 
Handbook: General Best Practice 13 – Electric Motors: 
Correctly Size Motors. 

 
 

101 U.S. Department  of  Energy  (DOE)  Energy  Efficiency 
and  Renewable  Energy  (EERE).  2006.  Improving 
Pumping  System  Performance:  A  Sourcebook  for 
Industry. 

 
105 U.S. Department of Energy (DOE) Industrial 

Technologies Program (ITP). MotorMaster+ 
software. Available online at: 
http://www1.eere.energy.gov/manufacturing/tech_
deployment/software_ motormaster.html 

 
106 U.S. Department of Energy (DOE) Motor Challenge. 

2001. Fact Sheet: Replacing an Oversized and 
Underloaded Electric Motor. 
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FAC T SHE E T 
HYDRAULIC AND PNEUMATIC DRIVES 

 

Overview 

Electric drives are typically more efficient than hydraulic  (water or hydraulic oil driven) drives or pneumatically driven 
pumps in water systems.  
 

Hydraulic drives are inherently less efficient as they convert energy from electric to mechanical to hydraulic, and back to 
mechanical, whereas electric drives  convert energy directly  from electric  to mechanical. New electric drives  can also 
provide better performance than hydraulic drives. 
 

The cost of pressurized air makes pneumatically‐driven pumps  inefficient.   Additionally, air  leaks are common, which 
lower  the efficiency  further. Pneumatic drive  systems are  typically only cost effective when  small masses need  to be 
moved at high speeds across short distances, an application not typically found in water systems. 
 

Electric drives are typically less maintenance than hydraulic or pneumatic drives.  Electrical drives allow for better motor 
control as well as easier set‐ups. 
 

Application 
Drives are used on motors  to  control pumps, blowers, 
mixers,  mechanical  aerators,  and  any  other  motor‐
driven device. 
 

Considerations 
Hydraulic  and/or  pneumatic  drives  that  are  used  on 
pumps,  blowers,  mixers,  and/or  mechanical  aerators 
should be replaced with electrical drives. 
 

Costs 
Motor  manufacturers  have  reported  that  replacing  a 
hydraulic  drive  with  an  electric  drive  resulted  in  an 
energy saving of over 20% [5, 45]. 
 

Pneumatic pumps can have efficiencies  in  the range of 
10%.  Therefore,  replacing  a  pneumatic  pump with  an 
electric  driven  pump  can  save  around  80%  of  the 
pump’s energy (depending on pump size) [5, 45]. 
 
 

Additional Benefits 
If the output needs to vary with time (such as a pump or 
blower with  variable  flow),  electric  variable  frequency 
drives (VFDs) are more efficient than their hydraulic and 
pneumatic counterparts. 
 

Converting  from  pneumatic  pumps  to  electric‐driven 
pumps eliminates inefficiencies due to air leaks. 
 

Resources 
5 Base Energy Inc. for PG&E. 2006. Energy Baseline 
Study for Municipal Wastewater Treatment Plants. 
 
45 Etc Group, LLC and the American Council for an 
Energy Efficient Economy for Southern California 
Edison (SCE) and PG&E. 2008. Screening Tool to 
Identify Energy Efficiency Opportunities in 
Wastewater Treatment Plant Pumping Systems. 
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101 U.S. Department  of  Energy  (DOE)  Energy  Efficiency 
and  Renewable  Energy  (EERE).  2006.  Improving 
Pumping  System  Performance:  A  Sourcebook  for 
Industry. 

 
105 U.S. Department of Energy (DOE) Industrial 

Technologies Program (ITP). MotorMaster+ 
software. Available online at: 
http://www1.eere.energy.gov/manufacturing/tech_
deployment/software_ motormaster.html 

 
106 U.S. Department of Energy (DOE) Motor Challenge. 

2001. Fact Sheet: Replacing an Oversized and 
Underloaded Electric Motor. 
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FAC T SHE E T 
AIR STRIPPER AIR-TO-WATER RATIO 

 

Overview 

Air strippers are used in water treatment to remove volatile organic compounds and other taste‐ and odor‐contributing 
compounds from the water. They work by transferring the compounds from the water phase to air phase by mixing the 
contaminated water with sufficient air. The amount of air needed to strip different contaminants is defined by Henry’s 
Law. Over‐aeration (an air‐to‐water ratio higher than what is necessary to remove desired contaminants) wastes energy; 
also, if off‐gas destruct is required, additional energy is wasted with the treatment of the excess air. 
 

Application 
This  energy  conservation  measure  is  specific  to  air 
strippers. 
 

Considerations 
Henry’s  Law  Constants  change  significantly  with 
changes  in temperature. The following table  is adapted 
from  “Design  of  Aeration  Towers  to  Strip  Volatile 
Contaminants  from Drinking Water  [52].  These  values 
assume a stripping factor R = 3 (>90% removal). 
 

Volatile Organic 
Contaminant 

Henry’s Law 
Constant 

(atm) @ 20°C 

Air‐to‐Water 
Ratio 

(Theoretical) 
Vinyl Chloride  3.55 × 105  0.011

Methane  3.8 × 104  0.11

Carbon Dioxide  1.51 × 103  2.6

Carbon Tetrachloride  1.29 × 103  3.1

Tetrachloroethylene  1.1 × 103  3.6

Trichloroethylene  550  7.2

Hydrogen Sulfide  515  7.7

1,1,1 ‐ Trichloroethane  400  9.9

Chloroform  170  23

1,2 ‐ Dichloroethane  61  65

1,1,2 ‐ Trichloroethane  43  92

Bromoform  35  110

Ammonia  0.76  5200
 

If  it  appears  air  stripping  is  not  optimized,  specialists 
should  analyze  the  system  and  recommend  proper 
operation. 
 

Additional Benefits 
Ensuring  air  strippers  are  optimized  ensures  proper 
water quality. 
 

Resources 
52 Kavanaugh, M.C. and R.R. Trussel. 1980. Design of 
Aeration Towers to Strip Volatile Contaminants from 
Drinking Water. American Water Works Association 
(AWWA) Journal 72:12. 
 

110 Water Environment Federation (WEF) Energy 
Conservation in Water and Wastewater Treatment 
Facilities Task Force. 2010. Energy Conservation in 
Water and Wastewater Facilities: Manual of Practice 
No. 32. 
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FAC T SHE E T 
INCORRECTLY SIZE PUMPS 

 

Overview 

Often in water and wastewater system designs, the pumps are oversized because the current conditions are not known 
or in anticipation of future conditions. This can lead to throttling or bypassing of flows to achieve a desired flow rate. For 
centrifugal pumps, trimming or replacing impellers can be more efficient. 
 

Application 
Properly sized impellers can use less energy than 
improperly sized impellers with throttling valves or 
bypass valves. 
 

Indicators of a situation where trimming or replacing an 
impeller may be applicable include: 

• A bypass valve is used during normal operation 
• A throttling valve is used during normal 

operation 
• The pump does not operate at the design point 

during normal operation 
 

Considerations 
Only centrifugal pumps can be trimmed (not positive 
displacement pumps). 
 

Impellers can usually only be trimmed to about 75% of 
the shaft diameter without significant efficiency loss. 
 

Trimming impellers increases the pump’s required net 
positive suction head (NPSH). Confirm impeller 
trimming will not raise required NPSH above actual 
NPSH. 
 

It may be desirable to retain the current impeller and 
install a VFD. Cost analysis of this option should be 

compared to trimming/replacing the current impeller 
and installing a VFD. 

 

 
 

Costs 
Typical payback ranges from six months to five years.  
 

Trimming or replacing impellers can save up to 40% of 
energy.  
 

Additional Benefits 
Trimmed impellers can be replaced in the future if the 
required flow rate increases. 
 

Unlike VFDs, trimmed impellers do not add any 
additional electronic equipment to the pump set-up. 

 
 
 
 
 
 

He
ad

Flow Rate

Trimmed impeller's 
pump curve

Original impeller's 
pump curve

System 
curve

Original 
operating point

New 
operating 
point
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Resources 
3 Arora, H. and M.W.  LeChevallier. 1998. American 
Water Works Association (AWWA) Journal 90:2. Energy 
Management Opportunities.  

42 Energy Center of Wisconsin. 1999. Fact Sheet: 
Pumping System Impeller Trimming.  

45 Etc Group, LLC for Southern California Edison, 2008. 
Screening Tool to Identify Energy Efficiency 
Opportunities in Wastewater Treatment Plant 
Pumping Systems.  

55 Leiby, B.M. and M.E. Burke for the Water Research 
Foundation (WRF) and New York State Energy 
Research and Development Authority (NYSERDA). 
2011. Energy Efficiency Best Practices for North 
American Drinking Water Utilities.  

93 The McNally Institute. 1998. Increasing the 
Centrifugal Pump Performance by Modifying the 
Impeller. http://www.mcnallyinstitute.com/12-
html/12-06.html 

101 U.S. Department of Energy (DOE) Energy Efficiency 
and Renewable Energy (EERE). 2006. Improving 
Pumping System Performance: A Sourcebook for 
Industry – 3. Indications of Oversized Pumps & 10. 
Impeller Trimming.  

119 U.S. Department of Energy (DOE) Energy Efficiency 
and Renewable Energy (EERE) Industrial 
Technologies Program (ITP). 2005. Pumping Systems 
Tip Sheets #6. Match Pump to System Requirements 
& #7. Trim or Replace Impellers on Oversized Pumps. 
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FAC T SHE E T 
PUMP OPTIMIZATION 

 

Overview 

Often in water and wastewater system designs, the pumps are oversized because the current conditions are not known 
or  in anticipation of future conditions. This can  lead to throttling or bypassing of flows to achieve a desired flow rate. 
Altering the set‐up of the pump system can help reduce power consumption. The following options are discussed: 

 Supplementing the pump with a pony pump 

 Replacing the pump with 2+ smaller pumps 
 

Application 
Supplementing  the  existing  pump  with  a  pony  pump 
would be applicable if there is a typical base flow that is 
much  lower  than  the  full  load  rating  of  the  existing 
pump. The existing pump  can  remain  and be used  for 
emergencies/high  load  flow  that  is  not  frequently 
required. 
 
Replacing the pump with multiple smaller pumps would 
be  applicable  if  the  flow  rate  varies  significantly 
(multiple  values)  daily  or  seasonally.  Also,  multiple 
smaller  pumps  can  be  an  economical  option  in  high 
static  lift  situations  and/or  storage  applications  that 
utilize time‐of‐use electricity rates. 
 
VFDs could be used with either system if the flows vary. 
See Fact Sheet M2 for details on VFDs. 
 
Systems with on/off operation (such as filling a reservoir 
or  tank)  can benefit  from one of  the  alterations  listed 
above if the pump cycles on and off quickly. Operating a 
smaller pump for more hours reduces the friction losses 
in  the  system,  and minimizes  the  starts/stops  of  the 
motor. See Fact Sheet P4 for further details. 
 
 
 

Considerations 
Multiple  parallel  pumps  without  VFDs  require  flow 
changes  in  incremental  “steps,”  which  may  not  be 
acceptable  for  the  system.    Parallel  pumps  are  as 
effective  in friction‐dominated systems as compared to 
static head‐dominated system. 
 

Costs 
The  initial cost of a pump  is typically a small portion of 
the  total  life  cycle  cost.    See  Case  Studies  on  the 
following  page  for  examples  of  energy  savings  and 
payback. 
 

Resources 
101 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE). 2006. Improving 
Pumping System Performance: A Sourcebook for 
Industry – 3. Indications of Oversized Pumps, 8. 
Multiple Pump Arrangements, & 9. Pony Pumps. 

  
119 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE) Industrial 
Technologies Program (ITP). 2006. Energy Tips: 
Pumping Systems Tip Sheet #8. Optimize Parallel 
Pumping Systems. 
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FAC T SHE E T 
PIPE, VALVE, AND FITTING LOSSES 

 

Overview 

The  pipes,  valves,  and  fittings  installed  upstream  and  downstream  of  a  pump  can  contribute  to  head  losses,  air 
entrapment, and other issues. Avoidable losses/poor configurations should be corrected. 
 

Application 
 

Pipe Configurations 
Bends  or  fittings  near  the  pump  can  affect  the  pump 
performance.  There  should  be  a  uniform,  straight 
section of pipe leading to and from the pump. 
 

 
 
If air becomes entrained  in a pipe,  it will detrimentally 
affect  the  performance  of  the  pump.  Any  of  the 
situations  shown  in  the  figure  to  the  right  should  be 
rectified.  
 
Sharp elbows should be avoided,  if possible.  It may be 
possible to use a wider radius elbow to reduce pressure 
losses through the elbow. 
 
Sudden  in‐line  pipe  size  changes  should  be  avoided; 
smooth reducers should be used. 

 

 
 

 
Common Pipe Configuration Problems and 

Solutions[101] 
 
 
 

Valves and Fittings 
If a control valve  is needed at a  location, a type should 
be  selected  that  minimizes  the  pressure  drop  (head 
loss)  across  the  valve.  The  resistance  coefficient  (K)  is 
used in the following formula to determine the pressure 
drop across a valve: 

Uniform, straight 
section of pipe 

Incorrect  Correct 

P3



Developed by:  Small Community Water Systems  

 

2015 P a g e  | 2  

Head	Loss	ሾftሿ ൌ K ൈ
Vଶ

64.4
 

 
Where V ൌ Velocity	ሾft/secሿ 
K ൌ Resistance	Coefficient 

 
The  following  chart  shows  resistance  coefficient  (K) 
ranges  for  various  fittings.  Note  that  for  fittings  with 
large ranges, larger pipes (20”) are at the low end of the 
range  and  small  pipes  (2“)  are  at  the  high  end  of  the 
range.  
 

 
 

If  possible,  replace  high  loss  components  with  lower 
loss components (such as a globe valve with a butterfly 
valve). 
 

Considerations 
A  Variable  Frequency  Drive  (VFD)  can  be  installed  to 
meet  different  system  demand  flow  rates  that would 

require throttling a control valve otherwise.  The control 
valve  could  possibly  then  be  eliminated  from  the 
pumping system or replaced with a control valve with a 
lower head loss. 
 

Costs 
The  Department  of  Energy  (DOE)  provides  a  program 
called  Pumping  System  Assessment  Tool  (PSAT)  to 
estimate control valve energy  losses  in terms of energy 
costs. 
 

Resources 
101 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE). 2006. Improving 
Pumping System Performance: A Sourcebook for 
Industry – 4.  Piping Configurations to Improve 
Pumping System Efficiency.  

 
103 U.S. Department of Energy (DOE) Energy Efficiency & 

Renewable Energy (EERE) Advanced Manufacturing 
Office. Pumping System Assessment Tool (PSAT).  
Available online at: 
www1.eere.energy.gov/manufacturing/tech_assista
nce/software_psat.html 

 
119 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE) Industrial 
Technologies Program (ITP). 2006. Pumping Systems 
Tip Sheet #10. Energy Saving Opportunities in 
Control Valves.

 

0 2 4 6 8 10

Globe valve

Check valve

Angle valve

Butterfly valve

Gate valve

Ball valve

Standard elbow

Long radius elbow

45°elbow

Tee ‐ branch flow

Tee ‐ line flow

Sudden enlargement

Sudden contraction

Resistance Coefficient (K) Range
All valve values are for fully open valves
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FAC T SHE E T 
HEAD LOSS CONTROL 

 

Overview 

Running a  larger pump or multiple pumps  in parallel for  less time will use more energy overall than running a smaller 
pump continuously. This is because frictional head loss increases with increased velocity (flow). 
 

Application 
Pumping reduced  flows  for more hours  is applicable  in 
any system that runs periodically for a short amount of 
time or that cycles on and off. 
 
If  possible,  a  smaller  pump  should  be  operated  near‐
continuously  during  normal  operation  rather  than  a 
larger  pump  cycling  on  and  off.  If  necessary,  a  larger 
pump  can  be  kept  on  standby  for  peak  periods.  In 
systems  where  large  flows  are  required  for  periodic 
short  amounts  of  time  (such  as  backwashing  a  filter), 
storage  may  be  combined  with  a  smaller  pump  to 
achieve energy savings. 
 

 
 
Additionally, operating  two pumps  together  in parallel 
when  one  pump  could  provide  the  necessary  flow 
wastes  energy  in  the  same  manner.  If  possible,  use 
storage to reduce required pumping flow rates. 
 

 
 

Considerations 
Operating a  larger pump or two pumps  in parallel may 
be economical  if the operator  is pumping to storage to 
avoid peak rates.  
 
The excess energy decreases as the portion of head due 
to  static head,  rather  than  friction,  increases.  In  static 
head‐dominated  systems, multiple parallel pumps may 
provide good operational flexibility. 
 
If  the  flow  varies  with  time,  a  VFD  may  provide 
flexibility and energy savings without having to replace 
an existing pump. 
 
 
 
 
 
 

H
ea
d

Flow Rate

Excess energy associated 
with larger pump

Larger 
pump curve

Smaller 
pump curve

System 
curve

H
ea
d

Flow Rate

Excess energy associated with 
operating two parallel pumps

Parallel 
pump curve

Single 
pump curve

System 
curve
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Additional Benefits 
Minimizing stops and starts of a motor prolongs the life 
of the motor. 
 
For systems where large flows are required periodically 
for  relatively  short  amounts  of  time  (such  as  filter 
backwashing),  combining  storage  with  smaller  pumps 
can  reduce  the on‐peak energy use  if  the activity  that 
requires  the  large  flow  cannot  be  shifting  to  off‐peak 
hours. 

 

Resources 
66 Malcolm Pirnie  for New York  State Energy Research 

and Development Authority (NYSERDA). 2010. Water 
and Wastewater Energy Management, Best Practices 
Handbook:  General  Best  Practices  17  –  Pumps: 
Reduce Pumping Flow and 20 – Filtration: Sequence 
Backwash Cycles 

 
119 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE) Industrial 
Technologies Program (ITP). 2006. Energy Tips, 
Pumping Systems Tip Sheet #8. Optimize Parallel 
Pumping Systems. 
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FAC T SHE E T 
PUMP EFFICIENCY TESTS 

 

Overview 

To determine the actual operating performance and energy consumption of an existing pump, a pump test should be 
performed. The results  from pump  tests can help operators sequence pumps at a site  to  reduce energy use. Periodic 
pump testing can help identify problems before a breakdown occurs or energy bills increase. 
 

Application 
All  new  or  existing  pumps  should  have  a  pump  test 
performed  to  determine  the  actual  operating 
performance  of  the  pump.  After  initial  testing,  pump 
tests  should  be  performed  every  one  to  three  years, 
depending on the hours of operation and the operating 
conditions.  
 
If a pump  is  found  to be under‐performing  (leading  to 
higher  energy  consumption  and  higher  energy  costs), 
modifications  should be made  to  the pumping  system 
to improve pump performance. 
 
A  pump  test  can  indicate  the  decrease  in  pump 
performance  due  to  many  different  problems, 
including: 
 

 Excessive seal or bearing wear 

 Excessive wear ring deteriorations 

 Excessive impeller wear 

 An oversized motor 

 Alteration of operating conditions (such as the 
water table on a well lift pump) 

 Pump and motor alignment issues 

 Internal surface wear due to cavitation 
 

Considerations 
A pump  test  should be performed  every one  to  three 
years depending on annual usage and  the  load applied 
to the pump.   
 

By performing routine pump tests, the overall efficiency 
of the pump can be monitored over time.  This can help 
determine any issues that may be causing a decrease in 
pump performance such as impeller wear.  Additionally, 
minor problems  leading  to  a decrease  in performance 
can be determined  early  and  fixed before becoming  a 
serious performance problem.   
 
To  accurately  determine  the  overall  pumping  plant 
efficiency,  accurate  flow  rate,  pumping  lift  (or  inlet 
pressure),  and  discharge  pressure  readings,  as well  as 
power consumption must be measured.   
 
Pump tests are valid only for the conditions (flow and 
lift) measured during the test. For this reason, the pump 
should be operating as close to “normal” operating 
conditions as possible during the test. 
 

Costs 
Energy savings will depend on the type of pump system 
modifications  to  improve  the  overall  pumping  plant 
efficiency. 
 

Additional Benefits 
Conducting  routine  pump  tests  provides  documented 
historical  performance  results  over  time.    Historical 
pump  performance  documents  could  be  used  to  plan 
and  schedule maintenance  repairs  to  keep  the  pump 
operating at a high efficiency. 
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Resources 
101 U.S. Department of Energy (DOE) Energy Efficiency 

and Renewable Energy (EERE). 2006. Improving 
Pumping System Performance: A Sourcebook for 
Industry – 4.  Piping Configurations to Improve 
Pumping System Efficiency.  

   

119 U.S. Department of Energy (DOE) Energy 
Efficiency and Renewable Energy (EERE) Industrial 
Technologies Program (ITP). 2006. Energy Tips, 
Pumping Systems Tip Sheet #4. Test for Pumping 
System Efficiency & #5 Maintain Pumping Systems 
Effectively. 
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FAC T SHE E T 
POTABLE WATER TREATMENT OPTIONS 

Overview 
The table on the following page is meant to give a general summary of common contaminants in California’s raw and 
treated drinking water and applicable treatment processes. Not all notes are included in the table; refer to the California 
Department of Drinking Water (DDR) or U.S. EPA rules and guidelines when selecting actual processes for treatment. 
 
The attached handout is from the National Drinking Water Clearinghouse, and provides further information on different 
treatment technologies for small water systems. 

 
Resources  
120California Code of Regulations. 2014. Drinking Water‐

Related Regulations. CCR Title 17 and 22. Available 
online at: http://www.waterboards.ca.gov/drinking_ 
water/certlic/drinkingwater/documents/lawbook/ 
dwregulations‐2014‐07‐01.pdf. 

128Jensen, A., V.B., Darby, J.L., Seidel, C. & Gorman, C. 
2012. Drinking Water Treatment for Nitrate. 
Technical Report 6 in: Addressing Nitrate in 
California’s Drinking Water with a Focus on Tulare 
Lake Basin and Salinas Valley Groundwater: Chapter 
2 – Non‐Treatment Options for Nitrate 
Contaminated Potable Water. Report for the State 
Water Resources Control Board Report to the 
Legislature. Center for Watershed Sciences, 
University of California, Davis. Available online at: 
http://groundwaternitrate.ucdavis.edu/files/139107.
pdf 

132U.S. EPA. 1998. Small System Compliance Technology 
List for the NonMicrobial Contaminants Regulated 
Before 1996. EPA‐815‐R‐98‐002. Available online at: 
http://www.epa.gov/ogwdw/standard/tlstnm.pdf. 

133U.S. EPA. 1998. Small System Compliance Technology 
List for the Surface Water Treatment Rule and Total 
Coliform Rule. EPA‐815‐R‐98‐001. Available online at: 
http://www.epa.gov/ogwdw/standard/tlisttcr.pdf. 

134U.S. EPA. 1998. Variance Technology Findings for 
Contaminants Regulated Before 1996. Congress 2007 
proceedings. EPA‐815‐R‐98‐003. Available online at: 
http://www.epa. gov/ogwdw/standard/varfd.pdf. 
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FAC T SHE E T 
POTABLE WATER NON-TREATMENT OPTIONS 

 

Overview  
There are a variety of options available that can be used to reach water quality requirements (referred to as maximum 
contaminant levels, or MCLs). Some are treatment options, which remove or inactivate constituents in the water. These 
are discussed in Fact Sheet Q1. Non-treatment options employ other methods to meet MCLs. These options include: 
 

• Blending – mixing of water from different sources to 
allow the output flow to meet requirements. For 
example, if Source 1 had twice the MCL for 
contaminant Z and Source 2 
had no contaminant Z, Source 2 
could be blended with up to 
50% of Source 1 and meet the 
MCL.   
 

• Consolidation with nearby small towns – 
consolidation of nearby small towns allows the 
towns to invest in more expensive (and effective) 

technology. Often, 
treatment technologies 
become significantly less 
costly (on a per unit of 
output basis) when the 
total output increases. 

 
• Connecting to nearby 

large town – connecting 
to a nearby large town 
can allow the small town 
to receive clean drinking 
water for significantly less than the cost for the 
small town to treat the water on its own. 
Sometimes, however, there is a large initial cost to 
connect the small town to the large town. 
 

• Abandoning or destroying a contaminated well – 
when a groundwater well is contaminated, one option 
is to abandon or destroy the well. This requires 
adequate capacity from other sources. If it is possible 
that the groundwater in the well may not be 

contaminated in the future, or that the water might 
be treated in the future, the well could be 
abandoned/inactivated, rather than destroyed. Then, 
if the contaminant levels change in the future or 
treatment is installed, the well can be used again. If it 
is unlikely that the well will 
ever be used again, the well 
should be properly destroyed. 
Properly destroying a well 
entails covering, sealing, and 
plugging the well to prevent 
contaminations and hazardous 
conditions.  

 

• Building a new well – in some cases, a new 
groundwater well can be built that will not have the 
contaminants found in the old well. Careful 
consideration should be given to the different layers 
of groundwater found in the new well to reduce 
contaminant loads in the new well. 
 

• Modifying (partially abandoning) a well – in some 
cases, a groundwater well can be modified to reduce 
contaminant loads into the well. This is typically done 
by capping sections of the well that produce higher 
contaminant loads. The 
capacity of the well may be 
reduced in the process, but 
the cost can be significantly 
less than building a new well. 
See Fact Sheet Q3 for more 
information on partially 
abandoning a well. 
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Application 
Non-treatment options may be applicable if it is 
possible to find or create a water source that is below 
the MCLs. If there is not an available source that is 
below the MCL, treatment options may be necessary to 
bring water quality to drinking water standards. 
 

Considerations 
Blending – if non-compliant groundwater can be 
blended with surface water to meet MCLs, the added 
treatment needed for surface water sources should be 
considered. 
 

Costs 
The actual cost of each method varies significantly 
depending on site conditions (depth of well, distance to 
nearby town, quality of water, drinking water quality 
requirements, etc). The Case Study Table on the 
following page lists a couple example costs. However, 
these may not be representative of actual cost due to 
differing conditions. 
 

Resources  
121Davis, J. 2005. Arsenic in Arizona: Assessing the 

Economic Cost and Hydrogeologic Feasibility of 
Nontreatment Options. 

128Jensen, A., V.B., Darby, J.L., Seidel, C. & Gorman, C. 
2012. Drinking Water Treatment for Nitrate. 
Technical Report 6 in: Addressing Nitrate in 
California’s Drinking Water with a Focus on Tulare 
Lake Basin and Salinas Valley Groundwater: Chapter 
2 – Non-Treatment Options for Nitrate 
Contaminated Potable Water. Report for the State 
Water Resources Control Board Report to the 
Legislature. Center for Watershed Sciences, 
University of California, Davis. Available online at: 
http://groundwaternitrate. 
ucdavis.edu/files/139107.pdf 

135U.S. EPA. Radionuclides Compliance Help: Learn. 
Available online at: http://www.epa.gov/ogwdw/ 
radionuclides/pdfs/learn.pdf. 
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FAC T SHE E T 
PARTIAL ABANDONMENT OF A WELL 

Overview  
Partial abandonment of a well (also known as selective 
sealing or well rehabilitation) is a method that can be 
used on wells to minimize the introduction of 
contaminants into the well water. Contaminants are 
typically found in certain regions of the water table. For 
example: 
• Nitrate – a nutrient that is the result of fertilizers 

applied to the land surface, leaching from septic 
tanks, and sewage – is typically found at higher 
concentrations near the water table. Further, 
denitrification (conversion from nitrate to nitrogen 
gas) occurs in anoxic (deep) aquifers. 

• Arsenic – a trace element that is usually the result of 
erosion from natural deposits – is typically found in 

deeper groundwater aquifers. In some cases, the 
concentration may increase with depth. On other 
cases, there may be a “pocket” source, causing a 
higher concentration around the “pocket”. 

• Uranium – a radionuclide that is usually the result of 
erosion of natural deposits – is sometimes found at 
higher concentrations near the water table. This is 
because bicarbonates, which can be introduced from 
agricultural activities, leach uranium from sediments 
and move it downward to the water table. 

• Radium, – a radionuclide that is usually the result of 
erosion of natural deposits – is typically found in 
“pockets” from shaley layers in the groundwater, 
causing higher concentrations around the “pocket”. 

 

       
 

Application 
Successful partial abandonment 
requires a full understanding of the 
current conditions of the well and 
groundwater. Driller wells logs should 
be consulted and video of the well 
should be considered. The U.S. 

Geological Survey (USGS) has 
developed a combined well-bore flow 
and depth-dependent water sample 
collection tool to analyze an existing 
well (see Resource 127). An example 
output from such a test is shown to 
the right. 

Example USGS report 
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Considerations 
The applicability of partial abandonment will not be 
known until there is a full understanding of the current 
conditions of the well and aquifer. However, the 
structural modification phase of partial well 
abandonment represents approximately 70% of the 
total cost. Therefore, a majority of the cost is not 
committed until the likely result is known122. 
 

Partial abandonment may reduce the capacity of the 
well. In some cases, the well can be rehabilitated in the 
remaining operable regions, reducing the loss in 
capacity.  
 

An analysis of the dynamic conditions of the well must 
be performed. Increasing the depth of the lining will 
increase the drawdown, and the new lining depth 
should be below the new pumping water level. 
 

Longevity of the contaminant reduction depends on a 
variety of factors, including type and source of the 
contaminant, geophysical properties of the aquifer, 
changes in the water table, as well as the regions of the 
well that are sealed. When partial abandonment is done 
properly, it is possible for the reduced contaminant 
levels to remain for 20 years or more. When done 
incorrectly, the levels may return to the original values 
quickly. 
 
Costs 
A hydrogeologist with experience in partial well 
abandonment as well as other groundwater 
contaminant remediation options estimated that the 
cost for partial well abandonment was about one third 
of the cost of  a new well and about 1/14th the cost of a 
treatment option (reverse osmosis)122. 
 

As was mentioned above, the applicability of partial 
abandonment will not be known until there is a full 
understanding of the current conditions of the well and 
aquifer. This requires testing and analysis before any 
structural modifications are made. However, the 
structural modification phase of partial well 
abandonment represents approximately 70% of the 
total cost. Therefore, a majority of the cost is not 
committed until the likely result is known122. 
 

Resources  
121Davis, J. 2005. Arsenic in Arizona: Assessing the Economic 

Cost and Hydrogeologic Feasibility of Nontreatment 
Options. 

122Glotfelty, M.F. 1992. Well Rehabilitation - A Proven 
Alternative For Nitrate Control: Water Well Journal, Vol. 46, 
No. 8. 

123Glotfelty, M.F. 1990. Rehabilitation Of An Alluvial Basin 
Well For The Remediation Of Nitrate And Pesticides: 
Proceedings of the National Water Well Association, Fourth 
National Outdoor Action Conference on Aquifer 
Restoration, Ground Water Monitoring and Geophysical 
Methods, Las Vegas, Nevada. 

124Grundl, T., & Delwiche, J. 1992. Water quality response to 
the partial casing of a well. Groundwater, 30(1), 45-49.  

125Halford, K. J., Stamos, C. L., Nishikawa, T., & Martin, P. 
2010. Arsenic management through well modification and 
simulation. Groundwater, 48(4), 526-537 

126Izbicki, J.A., Stamos, C.L., Metzger, L.F., Halford, K.J., Kulp, 
T.R., and Bennett, G.F. 2008. Source, Distribution, and 
Management of Arsenic in Water from Wells, Eastern San 
Joaquin Ground-Water Subbasin, California. 2008; OFR; 
2008-1272, 8 p. 

127Izbicki, J. A., Christensen, A. H., Hanson, R. T., Martin, P., 
Crawford, S. M., & Smith, G. A. 1999. US Geological Survey 
combined well-bore flow and depth-dependent water 
sampler. US Geological Survey Fact Sheet, 196-99.  

129Metzger, L.F., Stamos, C.L., and Izbicki, J.A. 2007. Utilization 
of Wellbore Flow and Depth Dependent Water-Quality 
Data for Modifying Well Design to Reduce Arsenic 
Concentrations (Abs.): Ground Water Summit, National 
Ground Water Association, Albuquerque, MN April 29-May 
3, 2007. 

130Neupane, M., Thakur, J. K., Gautam, A., Dhakal, A., & 
Pahari, M. 2014. Arsenic Aquifer Sealing Technology in 
Wells: A Sustainable Mitigation Option. Water, Air, & Soil 
Pollution, 225(11), 1-15. 

131Pedersen, D. W., & Ariki, A. January  2007. Partial 
abandonment of groundwater wells: a non-treatment 
method to mitigate for high arsenic levels. In World 
Environmental and Water Resources Congress 2007 
proceedings. 

136Visoottiviseth, P., & Ahmed, F. 2008. Technology for 
remediation and disposal of arsenic. In Reviews of 
Environmental Contamination Volume 197 (pp. 77-128). 
Springer New York. 
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FAC T SHE E T 
CONGENERATION/CHP 

 

Overview 

At  wastewater  treatment  plants,  sludge  can  be  anaerobically  digested  to  create  biogas.  Biogas  can  be  used  in  a 
generator (engine, turbine, or fuel cell) to create thermal energy (heat) and electricity. The production of multiple types 
of  energy  from  a  single  fuel  source  is  referred  to  as  “cogeneration” or  “combined heat  and power”  (CHP),  and  can 
greatly  improve the efficiency and economic feasibility of on‐site power generation versus the production of only one 
type of energy. 
 
Quick  Reference:  Typically,  biogas‐to‐electricity  systems  are  cost  effective  for  wastewater  treatment  plants  with 
anaerobic digesters and average inflows above 5 MGD. About 100 kW of electricity and 12.5 MMBtu of thermal energy 
can be created from each 4.4 MGD of influent. 
 

Considerations 
Digester  gas  usually  contains  a  significant  amount  of 
water,  hydrogen  sulfide,  siloxanes,  and  other 
contaminants.  These  compounds  must  be 
reduced/removed  from  feed  gas  prior  to  use.  Some 
contaminants are regulated by the Air Resource Control 
Board,  and  some  are  detrimental  to  the  generator 
(efficiency, corrosion, etc). 
   
Burning biogas to power a device can be 10‐15% more 
efficient than converting the biogas to    electricity [37]. 
 

Costs 
See Case studies  for example cost and payback of CHP 
systems.  

 
The  maintenance  cost  of  the  cogeneration  system  is 
greatly  affected  by  the  digester  gas  quality 
(contaminants present). 
 

Additional Benefits 
Converting biogas to energy reduces venting and 
flaring, which contributes to greenhouse gas emissions 
without any beneficial use. 
 

Facilities that are near landfills may be able to use 
landfill gas (LFG) to supplement their fuel supply. 
 
Many anaerobic digestion units have excess capacity 
due to overestimation of future development. This 
excess capacity could be used to co‐digest food, 
fats/oils/grease (FOG), or other biological wastes and 
increase biogas production. 

 
Generators  can be used  specifically during peak hours 
to reduce peak power costs and peak demand. 
 

Resources 
28 Daw, J, K. Hallett, J DeWolfe, and I. Venner for Water 
Environment Research Foundation (WERF). 2010. 
Energy Efficiency in Wastewater Treatment in North 
America: A Compendium of Best Practices and Case 
Studies of Novel Approaches. 2.4.7: Energy Recovery 
Systems. 

 

37 Electric Power Research Institute (EPRI) for the 
California Energy Commission (CEC). 1999. Report CR‐
104300.  Energy Audit Manual for Water/Wastewater 
Facilities. 
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39 Electric Power Research Institute (EPRI).  1998. 
Quality Energy Efficiency Retrofits for Wastewater 
Systems.  Section 7 – Cogeneration Optimization. 

 
87 Science Applications International Corporation (SAIC) 
for Focus on Energy. 2006. Water & Wastewater 
Industry Energy Best Practice Guidebook: Technical 
Best Practice General Facility 12: Renewable Energy 
Options. 

 

66 Malcolm Pirnie for New York State Energy Research 
and Development Authority (NYSERDA). 2010. Water 
and Wastewater Energy Management, Best Practices 
Handbook: Wastewater Best Practices 17 – Optimize 
Anaerobic Digester Performance and 18 – Use Biogas 
to Produce Heat and/or Power. 

 
110 Water Environment Federation (WEF). 2010. Energy 

Conservation in Water and Wastewater Treatment 
Facilities ‐ Manual of Practice No. 32: Chapter 11.5: 
On‐Site Generation Options. 
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FAC T SHE E T 
RECYCLED WATER 

Overview
Using recycled water saves energy and reduces the 
water needed by a system when it is used in place of 
fresh water that would be more energy-intensive to 
extract, treat, and convey than the process of recycling 
water. 

Applications 
Recycled water can be used internally in the 
wastewater treatment plant, or can be exported to 
landscaping systems, agriculture, groundwater 
recharge, industrial uses, etc. The following table is 
adapted from DWR’s “Water Facts Number 23: Water 
Recycling” [11] and shows the level of treatment 
required for different recycled water uses.

Type of Use

Treatment Level 

Disinfected 
Tertiary 

Disinfected 
Secondary 

Undisinfected 
Secondary 

Urban Uses and Landscape Irrigation 
Fire protection ✓

Toilet and urinal flushing ✓

Irrigation of parks, schoolyards, residential landscaping ✓

Irrigation of cemeteries, highway landscaping ✓

Irrigation of nurseries ✓

Landscape impoundments ✓ ✓*

Agricultural Irrigation 
Pasture for milk animals ✓

Fodder and fiber crops ✓

Orchards (no contact between fruit and recycled water) ✓

Vineyards (no contact between fruit and recycled water) ✓

Non-food bearing trees ✓

Food crops eaten after processing ✓

Food crops eaten raw ✓

Commercial/Industrial 
Cooling and air conditioning – with cooling towers ✓ ✓*

Structural fire fighting ✓

Commercial car washes ✓

Commercial laundries ✓

Artificial snow making ✓

Soil compaction, concrete mixing ✓

WW2
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Type of Use

Treatment Level 

Disinfected 
Tertiary 

Disinfected 
Secondary 

Undisinfected 
Secondary 

Environmental and Other Uses 
Recreational ponds with body contact (swimming) ✓

Wildlife habitat/wetland ✓

Aquaculture ✓ ✓*

Groundwater Recharge 
Seawater intrusion barrier ✓*

Replenishment of potable aquifer ✓*
*Restrictions may apply

Considerations
Treated wastewater distribution systems typically have 
to be piped separately from potable water and the 
pipes must be labeled. 

Additional Benefits
Recycled water can reduce the need for new water 
sources. 

Resources
11 California Department of Water Resources (DWR). 

2004. Water Facts No. 23: Water Recycling. 
54 Klein, G., M. Krebs, V. Hall, T. O’Brien, B. Blevins for 

the California Energy Commission (CEC). 2005. 
California’s Water-Energy Relationship: Final Staff 
Report.
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FAC T SHE E T 
DEEP WELL OIL LUBRICATION 

 

Overview 

Perhaps 70% of sudden failures of deep well vertical turbine pumps are caused by improper lubrication of motor 
bearings and of the lineshaft. This is one if the simplest problems to fix, yet there are three issues: 

1. Most people do not know the proper drip rate. 
2. The oil reservoirs are too small, so they run out of oil before they are refilled. 
3. Hardware that is sold does not provide for a constant drip rate over time. 

 

Application 
 
 

Proper Oil Drip Rate 

Christensen (a divisions of Layne Christensen Co.) 
provides the following advice in its Deep Well Turbine 
Pumps manual: 
 

Oil Drip Rate 
(from Christensen Pumps O&M Manual Deep Well Turbine Pumps) 

Shaft Diameter 
(inches) 

Basic Drops/ 
Minute 

Add’l Drops/Minute/ 
100’ Setting 

0.75-1.19 5 2 
1.50-1.68 7 3 
1.94-2.43 10 4 

2.68 and higher 12 5 
 
Size of Oil Reservoir 

A gallon of oil (size of many standard oil reservoirs) 
holds about 150,000 drops. This corresponds to about a 
2 day to 2 week supply of oil in a typical one gallon oil 
reservoir. It is recommended to use a reservoir holding 
about 4 gallons, minimum. 
 
Maintaining a Constant Oil Drip Rate 

Oil drip rates change over time for three reasons: 
1. The level of the oil in the reservoir drops, 

decreasing the pressure on the adjusting valve. 
2. The temperature of the oil changes, which 

changes the viscosity. 
3. The adjusting valve, or its entrance, becomes 

plugged. 

 

Summary 

The design shown in the following figure overcomes 
these problems by: 
• Raising the oil reservoir several feet above the 

adjusting valve. Therefore, a change in the oil 
level in the reservoir itself only represents a small 
percentage change in the total pressure on the 
valve 

• Some of the pumped water is circulated around 
the oil tube, immediately above the adjusting 
valve. This maintains a fairly constant oil 
temperature, regardless of air temperatures. 

• The size of the oil reservoir is 4-5 gallons, so it 
does not need to be refilled as frequently as 
conventional oil reservoirs 

• The bottom of the oil reservoir is drainage, so 
sludge and contaminants and water can be 
removed easily 

• The intake pipe to the flow adjusting valve is 
located several inches above the floor of the 
reservoir, to minimize the chance of contaminants 
entering the adjusting valve. 
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Costs 
The costs associated with installation of a larger, raised 
tank are minimal. 
 

Resources 
140 Burt, C. (2011.) Irrigation System Components and 

Potentials for Energy Conservation. ITRC Report No. 
R 11-003 
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